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field. Our Solid Rocket Plant near 
Sacramento, California, is the nation's 
largest facility for the development 
and production of solid rocket 
power plants. 

With a propellant capability measured 
in millions of pounds per month, the 
Solid Rocket Plant is providing 
reliable rocket power for the nation's 
major missile programs. 
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ROCKET POWER 


by Aerojet 


Storable, shippable, ready as a rifle 


bullet— that’s today's solid rocket 


engine. Since 1942, Aerojet-General 
has delivered over 700,000 solid rockets 

average engine reliability of more 
than 99.95%. 

In the sixties, as in the forties, Aerojet 



Engineers, scientists— investigate outstanding opportunities at Aerojet 
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Why pneumatic control engineers bring 
their "tough” valve problems to Hydro-Aire 

They’ve been here before. They know Hydro-Aire designs reliable 
pneumatic valves and delivers on time. So, they come back. It’s that 
simple. How we do it is no secret. We stress design simplicity, apply 
criteria based on more than 10 years’ solid experience. Our Pneumatic 
Test Lab ranks with industry’s best. Our plant is specialist-staffed to get 
the job done (1) right and (2) on time. Performance is proof. TVy us. Our 
new Pneumatic Equipment Catalog describes current, qualified produc- 
tion designs for operating pressures to 3800 psi; operating temperatures to 
1000°F and 500°F ambient. Write on your company letterhead for a copy. 
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Meet the newest 
member of the Sabre family 


The T-39 Sabreliner is the 
Air Force’s first twin- jet utility 
trainer. Now in production, it 
carries on the heritage of North 
American Aviation’s renowned 
Sabre aircraft— the F-86 Sabre 
Jet and the F-100 Super Sabre. 

Designed and built by North 
American for the Air Force, the 
versatile Sabreliner now is un- 
dergoing FAA certification that 
not only meets all military re- 
quirements but also civil speci- 
fications. 

An important consideration 
in designing the Sabreliner was 
economy of operation. The re- 
sult is a highly practical air- 
plane not only when flying, but 
also during servicing and main- 
tenance. 

A wide range of capabilities 
makes the Sabreliner a highly 
versatile and hard-working 
member of today’s Air Force. 


Carrying four students and a 
crew of two, it functions as a 
radar, navigation, or jet-profi- 
ciency trainer. 

In performance, the Sabre- 
liner rivals commercial jet air- 
liners. Two Pratt and Whitney 
J-60 (JT-12) engines, with a 
thrust of 3000 pounds apiece, 
give it a cruising speed of 500 
miles an hour at 40,000 feet, 
well above most weather. It can 
fly 1500 nautical miles without 
refueling, and can land or take 
off at the airport of almost any 
city. 

With its wide range of capa- 
bilities, high performance, and 
low cost of operation, the T-39 
Sabreliner promises to be the 
Air Force’s compact workhorse 
of the jet age. 

THE LOS ANGELES DIVISION OF 

NORTH AMERICAN AVIATION, INC. 



SABRELINER 


AVIATION CALENDAR 

Nov. 14-15— Quarterly Regional Meeting, 
Assn, of Local Transport Airlines. 
Olympic Hotel, Seattle, Wash. 

Nov.' 14-16-National Convention. National 
Aeronautics Assn., Indio, Calif. 

Nov. 14-17— Sixth Annual Conference on 
Magnetism and Magnetic Materials, New 
Yorker Hotel, New York, N. Y. 

Nov. 14-18— Flight Safety Foundation's 15th 
Annual International Air Safety Seminar, 


Beach, Fla. 

Nov. 15-16— Symposium on Engineering 
Application of Probability and Random 
Function Theory, Purdue' University, La- 
fayette, Ind. 

Nos-. 15-16— 12th Annual Mid-America 
Electronics Conference. Institute of Ra- 
dio Engineers. Hotel Muchlebach, Kan- 
sas City, Mo. 

Nov. 15-17— 56th Meeting, Aviation Dis- 
tributors and Manufacturers Assn., 


(unclassified), Hilton Hotel. San Antonio, 
Tex. 

ov. 15-18— Annual Meeting. Executive 

lionaf Assn!'( AF^Ot^sSonAS- 

tic Hotel, New York. N. Y. 

ov. 29-General Freight Traffic Manage- 
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T.wi GWERRYLOCK TEAM 


The Standard Cherrylock 

Top Performance Through the 
entire range of Diameters, Grips, 
and Materials 



The Bulbed Cherrylock 

Specifically for Thin Sheet and 
Double Dimple Applications— 
Even Greater Strength in the 
Short Grip Ranges 


• > f' / O n ly the Cherrylock "2000” Team 


Gives you All These Advantages 


• Mechanically Locked Stem • Full Grip Range 

• Plush Fracture • Complete Hole Fill 

( No StemTfrfmming) • positive Visual Inspection 

• Positive Clamp-up (Grip Marked on Head) 

A-286 Stainless Steel— Monel— Aluminum 


The Cherrylock* “2000" series team 
offers the finest, most adaptable air- 
craft rivets yet developed. Maximum 
joint strength and reliability are 
obtained by using the Standard 
Cherrylock and the Bulbed Cherry- 
lock to cover the entire range of 
applications. The Bulbed Cherrylock 
for short grips and double dimple, 
the Standard Cherrylock in the 
longer grips. Both types are installed 
with the same H-610 series pulling 
head, using existing Cherry guns. 

Higher joint strength allowables, 
close blind side clearance, and the 


widest grip range available — only 
with the Cherrylock Team — result 
in better fastening at lower cost. The 
Cherrylock Team provides the 
strongest mechanical lock — flush 
fracture rivet available. Positive 
visual inspection after installation — 
with grip length marked on the rivet 
head — is offered only by the 
Cherrylock Team. 

For technical data on the Cherry- 
lock Team of rivets, write Cherry 
Rivet Division, Townsend Company, 
Box 2157-N, Santa Ana, Calif. 


AVIATION CALENDAR 


(Continued from page 5) 

Region. Adolphus Hotel. Dallas, Tex. 

Dec. 5-8—1 5th Annua) Meeting and Astro- 
nautical Exposition, American Rocket So- 
ciety, Shoreham Hotel. Washington, 
D. C. 

Dec. 6-8— Annual Meeting, National Avia- 
tion Trades Assn., OSlahoma Biltmore, 
Oklahoma City. Okla. 

Dec. 12-15— Atomic Industry Exhibition, 
California Masonic Memorial Temple. 
San Francisco. Calif., concurrent with 
the Atomic Industrial Forum's Annual 
Conference (Fairmont Hotel) and the 
American Nuclear Society's Winter Meet- 
ing (Hotel Mark Hopkins). 

Dec. 15-15— Tenth Annual Eastern Joint 
Computer Conference, Hotel New Yorker 
and Manhattan Center. New York. N. Y. 
Sponsors: Institute of Radio Engineers; 
American Institute of Electrical Engi- 
neers; Assn, for Computing Machinery'. 

Dec. 17— 21th Wright Brothers Lecture, 
Natural History Bldg., Smithsonian In- 
stitution, Washington, D. C. 

Dec. 26-31— 127th Meeting, American As- 
sociation for the Advancement of Science, 
New York. N. Y. 

Dee. 28-30-Seventh King Orange Inter- 
national Model Plane Meet. Miami. Fla. 

Jan. 9-11— Seventh National Symposium on 
Reliability and Quality Control. Belle- 
vue-Stratford Hotel, Philadelphia. Pa. 

Jan. 9-1 3— International Congress and Ex- 
position, Society of Automotive Engi- 
neers. Coho Hall. Detroit, Mich, 

Jan. 16-18— Seventh Annual National Meet- 
ing. American Astronantical Society, Dal- 
ian. 23-25— 29th .Annual Meeting. Institute 
of the Aeronautical Sciences, Hotel Astor. 
New York. N. 3'. Honors Nigh! Dinner. 

Jan 24. 

Feb. 1-3— Second Winter Military Elec- 
tronics Convention. Institute of Radio 
Engineers, Biltmore Hotel. Los Angeles. 

Feb. 1-3— Solid Propellants Conference. 
American Rocket Society, Salt Lake City, 

Feb. 15-17— International Solid-State Cir- 
cuits Conference. Institute of Radio En- 
gineers. University of Pennsylvania cam- 
pus and Sheratpn Hotel, Philadelphia. 

Mar. 5-9— Sixth Annual Cas Turbine Con- 
ference and Exhibit, American Society of 
Mechanical Engineers, Shoreham Hotel, 
Washington. D. C. 

Mar. 9-10— Second Symposium on Engineer- 
ing Aspects of Magnetohydrodynamics, 
University of Pennsylvania. Philadelphia, 

Pa. 

Mar. 9-10— Flight Propulsion Meeting. In- 
stitute of the Aeronautical Sciences, 
Cleveland, Ohio (classified). 

Mar. 13-15— Flight Testing Conference, 
American Rocket Society. Los Angeles, 

Mar. 13-16— Test. Operations and Support 
Conference, American Rocket Society, 
Biltmore Hotel, Los Angeles. Calif. 

Mar. 16-18— Fifth National Conference on 
Aviation Education, Mayflower Hotel, 
Washington. D, C. 

Mar. 20-23— International Convention, In- 
stitute of Radio Engineers, Coliseum and 
Waldorf Astoria Hotel, New York, N. Y. 
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CHERRY RIVET DIVISI0H 

SANTA ANA, CALIFORNIA 

Townsend Company 
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YES/ FROM AEROQUIP 


For example, one customer required a special coolant coupling for an electronic 
countermeasures unit on the B-52. The coupling was to permit quick connection- 

fluid. Aeroquip received the requirement in March, 1960 . . . Prototype Was 
completed in April! . . . Tests were finished by May 61! . . . Delivery of production 
quantities in two sizes followed in short order. 

At Aeroquip the design and development of special Quick Disconnect Couplings 
is a full time job by specialists. An entire section of our engineering department hos 
no other job but to design special couplings, to provide a fast yet most economical 
solution to your application. 

If you want to know more about the WHY, WHERE, WHAT and HOW of Quick 
Disconnect Couplings and how Aeroquip can help you select the best quick dis- 
connect for your application, mail the coupon below for bulletin No. 254. This 
bulletin contains complete and detailed information. 


THESE FLUIDS: 

Hydraulic 

Pneumatic 

Fuel 

Lube Oil 

Electronic Coolants 

THESE APPLICATIONS: 

Ground Support Equipment 








HIGH CLAMP-UP 
MEETS MACH 2 
STRUCTURE NEEDS 


Faster the speed, more varied the mission . . . the 
more critical are the structural requirements. 
Such is the Navy's newest all-weather, nuclear 
weapons carrying aircraft... the carrier-based A3J 
Vigilante. 

Because of their excellent residual preload char- 
acteristics, Hi-Loks were selected for use through- 
out the A3J primary structure. The unique Hi-Lok 
torque-off feature produces a high, uniform clamp- 
up of high tensile sheet materials in all grip condi- 
tions. The installation method is smooth and quiet. 
Inexpensive, lightweight, Hi-Lok tooling reduces 
worker fatigue and avoids the need for heavy 
squeezers or bulky pull-type equipment and their 
limitations in close quarters. In open areas, Hi- 
Loks can be installed at speeds up to 45 per 
minute. 

Write or contact us for Hi-Lok technical and 
specification data. 


ti-sL 


ear 


within 


hours 


any day . 


is the right day 

to order your Timken® 52100 steel tubing, and within 24 hours of receiving 
your order it will be on its way. To give you this fast service on less than mill 
quantities, we stock 101 sizes-from 1" O.D. to 10V O.D.-in a new, modern 
warehouse. And the same fast service is available on 50 sizes of 4620 tubing. 
You can save time and money by remembering that 90% of all your structural 
parts can be made from one or the other of these 
two steel analyses. The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 

Cable: "Timrosco”. Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Removable Rock Bits. 


TIMKEN* 
STEEL 


Fine 

Alloy 






Any time . . . any place . . . any mission 


wiltox-developed an / apx -44 transponder 


safeguards Army aircraft 


Now being installed in I). S. Army aircraft, the AN/APX-44, de- 
signed and produced by Wilcox Electric, provides reliable IFF, SIF and 
ATC functions during any mission. 

The AN/APX-44 automatically transmits specially coded identifica- 
tion pulses when subjected to radar interrogation. These replies 
identify the Army aircraft as friendly and provide ground and airborne 
interrogators with position data, aircraft description and other helpful 
information. This transponder also reinforces primary radar replies to 
permit reliable tracking of the aircraft at extended ranges, despite con- 
ditions of inclement weather, ground clutter and dense traffic. 

Wilcox has produced these airborne units in quantity and on schedule 
for Army installation. 

The AN/APX-44 features minimum size and weight, modular con- 
struction, a crystal-controlled receiver and cavity-tuned transmitter. It 
is indicative of the electronic systems capabilities and experience of 
Wilcox. 


MTlfcOXi 


ELECTRIC COMPANY, INC. 





THE ARMY GROWS 'EM TOUGH 

How the Hiller 12 E Became First Choice 
of Commercial Operators 

From the day it went into commercial 
service, the Hiller 12 E had a head start. 

It had an Army-proved H-23D airframe and 
an Army-proved H-23D drive system that 
hadn't begun to exploit its full strength. 

The next step rewrote the specs on what 
light utility helicopters can do. Capitalizing on 
the H-23D Raven's dynamic components 
with a 305 hp Lycoming engine's power, light 
helicopter "firsts" of the kind above were 
bound to happen. Similar profitable 
operations are flown every day. wherever 
there's an £. 

That's why the 12 E has become first 
choice — it's the most economical helicopter 
purchase today. 


0,1, coo,, iron, HILLER® 

AIRCRAFT 

CORPORATION 
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Xeroradiography cuts x-ray inspection time 
and cost! With this revolutionary method, radio- 
graphs are obtained electrostatically — images dry 
and ready to read less than a minute after exposure. 
A characteristic phenomenon called “highlighting” 
automatically emphasizes discontinuities— will show 
up defects indiscernible by other means. Here at 
last you find both radiographic detail and high ex- 
posure speed rolled into one! 

Xero( zero) radiography is beyond doubt the long- 
awaited answer for many industries seeking fast, 
economical production-line x-ray inspection. Proved 
applications range from tire manufacturing to the 
production of extruded metal tubing, and it is par- 


ticularly valuable in the foundry for inspecting light 
alloys. One prominent aircraft manufacturer* re- 
ports 25% cost savings with xeroradiography and 
is strongly urging its vendors to use it. 

For complete details on xeroradiography, contact 
your local G-E x-ray representative now ... or write 
to X-Ray Department, General Electric Company, 
Milwaukee 1, Wisconsin, for Pub. WA-104. 


Progress Is Our Most Important Product 

GENERAL & ELECTRIC 
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KEL-F Plastic . . . proved reliability for tough pressure assignments 


Shattering vibration . . . crushing acceleration . . . extreme 
temperature variance— these are factors Wiancko Engineering 
Company, Pasadena, California, is meeting in their differential 
pressure pickups for corrosive media with the help of KEL-F 
Brand Halofluorocarbon Polymers. 

Used in rockets, these pickups measure the differential flow of 
highly corrosive media, such as red and white fuming nitric acid 
and oxygen. The pickup operates efficiently between 0 e F. and 
lfiO'F., with a sensitivity change of less than 2% for a 100’F. 
change in temperature. The diaphragms (arrow above) are made 
.f KEL-F Plastic and cast by Glaco Chemical Corp., a subsidiary 
• if Ekco Products Co., Whittier, California. The damping fluid 
is KEL-F Brand Light Oil »1. 


KEL-F Plastic was chosen because it is chemically inert, ther- 
mally stable, has high impact, tensile and compressive strength, 
and zero moisture absorption. This unique combination of 
features, plus others such as easy moldability, makes KEL-F 
Plastic ideal fur many uses in aircraft, rockets and missiles. 
Included: O-rings, LOX lip seals, valve diaphragms, flow meters 
and fuel bladders. 

KEL-F Brand Oils, Waxes and Greases, too, have remarkable 
properties. Their uses include: Compressor lubricants, damping 
fluids, hydraulic and pump fluids and liquid dielectrics. 

For complete performance characteristics, write today specifying 
area of interest to: 3M Chemical Division, Dept. KAW-100, 
St. Paul 6, Minnesota. 


F' Is a Ret. T.M. ol 3M Co. 


CHEMICAL DIVISION 


J^JlNNESOTA ]^INING AND J^Ja N U F AC T U R I N G COMPANY 

...WHERE RESEARCH IS THE KEY TO TOMORROW^" 



RVAN ELECTRONICS 

DIVISION OF RYAN AERONAUTICAL COMPANY • SAN DIEGO, CALIFORNIA 


WHY THE RYAN APN-122(V) GROUND VELOCITY 
INDICATOR IS THE FINEST, MOST WIDELY USED 
DOPPLER NAVIGATOR IN THE WORLD 

Adaptable for nearly every type of aircraft, the Ryan APN-122(V) continuous 
wave Doppler system provides instantaneous and continuous display of ground 
speed and drift angle in all weather without reliance on ground or celestial aids. 
Here are some of the advantages that make this Ryan radar system the most 
advanced, proven means of aerial navigation. 

• Ryan APN-122(V) Is qualified, thoroughly proven in • No minimum altitude. Operate* during take-offs, 

• Meets MIL- T- 54220 and MIL-E-5400C specifications. • Operates in the approved frequency range (13.25* 

• Has no altitude or attitude holes. 13,a0 t,mc 

• High accuracy (within Viti) at all altitudes from 0 * 5p "" 1 801000 ln0,S: ‘ M 120 1600 knots. 


APPLICATIONS OF RYAN APN-122(V) NAVIGATOR 

ANTI SUBMARINE WARFARE • PRECISION BOMBING • GENERAL NAVIGATION 
RECONNAISSANCE • AERIAL PHOTOGRAPHY • AERIAL SURVEYS • AEROLOGY 
AIRBORNE EARLY WARNING • RADAR STABILIZATION • INERTIAL DAMPING 


RVAN APN-122(V) NAVIGATOR 

A2F W2F 
RSD 




NATION-WIDE, ON-SITE ELECTRICAL- 
ELECTRONICS INSTALLATION SERVICES 


Lord Electric’s instalectronics personnel special- 
ize in "putting together” electrical-electronic sys- 
tems in the field. 

This service fills a gap in the long progress from 
systems design to final operability. Lord’s support 
on the instalectronics portion of your program 
can add valuable strength to any proposal, speed 
completion, enhance reliability ratings. 

Vast experience comprises more than $1 billion in 
completed contracts in 36 states and Puerto Hico. 
This includes a wide variety of important defense 
installations, from huge atomic facilities to cur- 
rent ground support systems (as much as 3,000 
miles apart). 


A 


Lord’s capability in the electric-electronic phases 
of field installations extends from planning stages 
through execution, to final check-out and subse- 
quent maintenance. This capability embraces: 
Positive Reliability 
Organizational Planning 
Schedules and Work-Phasing 
Nation-wide Manpower Reserves 
Quality Control Procedures 
Cost Control Procedures 
Warehousing 
O & I Record-Keeping 
Contractual Practices and ASPR. 

Are you planning systems installations? Lord’s 
instalectronics support can be a source of strength 
and confidence on your next proposal. 


LORD 

ELECTRIC COMPANY, INC. 


New York Boston Pittsburgh Portland, Ore. Richland, Wash. San Juan, Puerto Ri< 



Swedlow: new advances in solving 

THE SPACE AGE HEAT PROBLEM 


Improved basic heat resistant 
materials are only as useful as 
the ability to combine and fab- 
ricate them into useful parts. 
Swedlow research is improving 
that ability to an extraordinary 
degree. Swedlow skills embrace 


the above and many other ad- 
vanced materials. They are avail- 
able with a wide variety of filler 
materials, in flat sheet laminates 
or complex molded contours. Your 
difficult problems in design and 
producibility will be welcomed by 


Swedlow engineers. Send for full 
information, Dept. 10 



SWEDLOW Inc. 
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Here is the amplifier when distance is a critical factor 
in obtaining usable signal levels at the receiving sta- 
tion. It is Tele-Dynamics’ Type 1114— a new compact 
rf power amplifier weighing only 14 ounces, for mis- 
sile, probe or satellite transmitters to give the final 
boost for good signal reception. 

Performance of Type 1114 is reliable and impres- 
sive. When used in conjunction with Tele-Dynamics’ 
1004 transmitter it delivers 15 watts power output 
with 250 volts at the plate. It is easy to drive and 
requires no auxiliary cooling system. 

This miniaturized model is completely shielded, 
provides tuned input and output, has excellent heat- 
sink characteristics and is ruggedly built throughout 
to operate with complete reliability under severe 
environmental conditions. 

You can get this new amplifier in two models, for 


either 6.3 or 28 volt filament— each available with 
either integral output filter . . . integral output filter 
plus integral line filter ... or without any filters. 

The 1114 is ready for immediate delivery. Detailed 
technical bulletins and evaluation models are avail- 
able. Please call the American Bosch Arma sales 
office in Washington, Dayton or Los Angeles. Or con- 
tact Tele-Dynamics Division, American Bosch Arma 
Corporation, 5000 Parkside Avenue, Philadelphia. 


and Components 9 ^ 

Commutators— Mechanical and Electric . Pulse-Width 
Modulators • Subcarrier Oscillators • Wideband Amplifiers • 
Transmitters • Power Amplifiers • Receivers • Discriminators 
• Decommutators • Receiving Systems Accessories • 


TELE-DYNAMICS 

BOSCH /tfiJVf/t COfSPOftATfO/V 
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EDITORIAL 


Some Problems Ahead 


The next President of the United States will inherit 
in a few weeks a heavy agenda of unsolved problems in 
the national defense area. Most of these are the result 
of technical timidity and chaotic management in the 
past few years, but some of them will be solely the 
product of the technical and political era we are now 
entering. Both types of problem will have to be tackled 
by the new chief executive and his cohorts with con- 
siderably more vigor, technical literacy and skill than 
has been demonstrated by their predecessors if this coun- 
try is to maintain its position as a positive force in the 
decades ahead. For, given the political and technical 
ingredients now available to all of the major contenders 
in the international arena, we cannot maintain or im- 
prove our position automatically by rolling leisurely on 
our past momentum. Achieving this objective will re- 
quire not only more effort but considerably better direc- 
tion and management of this increased effort. 

The failures of the past decade, and these bear both 
Democratic and Republican political labels, were not de- 
ficiencies in our technical skill, industrial capacity or 
military leadership. Indeed, wherever an executive or 
legislative green light has been flashed, the technical 
progress achieved in specific areas in an allotted time span 
has been phenomenal. 

They have been the failure of our highest level leaders 
to recognize and understand the nature of the techno- 
logical revolution that has so altered the world in the 
past decade and the failure to properly organize and 
direct our technical, industrial and military resources 
toward the national goals that this revolution made 
mandatory for survival in the future. 

The problems facing the new President in the defense 
aiea fail into two broad categories: those immediate 
problems that have become acute through specific in- 
adequacies during the past few years; and those long-term 
problems that require development of new national 
strategy consistent with the technical revolution and 
our political goals and require the fundamental reorgani- 
zation of the management pattern of our military system 
and its relationship with the scientific and industrial 
complex on which it depends for this advanced tech- 
nology. 

In the first category, the most acute problem is un- 
doubtedly that of adequately providing for a continuous 
airborne alert for a significant portion of Strategic Air 
Command's B-52 fleet. Some steps have been authorized 
in this direction, but their scale is so small as to be 
almost meaningless in creating a genuine airborne alert 
capability for the critical years when it will be needed 
most. This is an area where immediate improvement 
is possible through simple fiscal and executive action. 
Unfortunately, not all of the defense problems present 
such a clear-cut opportunity for swift and decisive action 
as does the full implementation of SAC's airborne alert 
capability. 


Another immediate decision that must be made is the 
determination to proceed with the development of op- 
erational space systems in all of the areas where they have 
already demonstrated their technical feasibility, such as 
communications, weather, early warning and a variety 
of reconnaissance methods. While research and develop- 
ment in these areas has recently been accelerated after a 
nine month campaign of heavy pressure on the White 
House by the Congress, military, press and public, there 
still has been no decision to move into an operational 
system in any of these vital categories. No matter how 
swift and successful the research and development phase 
of these programs is— and the progress rate has been tre- 
mendous— the payoff in operational systems is being 
needlessly delayed by the lack of an executive decision 
to move into all of the other areas required to put into 
sendee and maintain an operational space system for any 
of these above named purposes. Here again is an area 
where a simple, clear-cut policy decision offers the pros- 
pect of substantial dividends in significant achievements 
within the most critical years ahead. 

There are other areas where quick decisions are re- 
quired to accelerate, expand and reorient programs al- 
ready under way. The new President can hardly delay 
beyond Nov. 9 to begin preparing to exercise his first 
powers of decision in the' new year. 

But the most complex and really serious problems lie 
in the long-term approach to effective management of 
our defense resources and their continuous tailoring to 
an evolving pattern of modern strategy, rather than con- 
stricting their technology to the patterns of backward- 
looking military traditions. This country certainly has 
the scientific skills, the industrial capacity and military 
vision to lead any international technical race by a con- 
tinuously significant margin. But no nation can afford 
to squander these resources indefinitely on a system that 
does not transform new technology into effective weap- 
ons within a sufficiently short time span. 

We arc not now getting S40 billion worth of effective 
defense for this annual expenditure in the field, and more 
money is certainly not a panacea for effective solution 
of the defense problem. 

One of the biggest obstacles to effective management 
of the defense effort has been the rather naive conflict- 
of-interest laws, requiring top defense officials to divest 
themselves of any financial interest in a military con- 
tractor, that have effectively barred most men with ex- 
perience and proven ability in the defense area from 
participating in the key levels of its management. These 
iaws have resulted in a steady stream of unskilled am- 
ateurs being injected in short-term tenures at the highest 
management levels of the defense effort. It should be 
obvious by now that a two year leave of absence from a 
soap factory is not a satisfactory method of recruiting 
top level civilian defense managers. 

—Robert Hotz 
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g projects to effective 
conclusions. Call or write for full information on 
CTL's thermal testing capabilities. 
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LIBRASCOPE 
AIRBORNE 
COMPUTERS... 

neers. Write to Librascope, 808 Western Avenue, 
Librascope, A Division of General Precision, Inc. For 
engineering career opportunities, address Glen Seltzer, 


What goes up must fly true. To maintain this condition, 
Librascope has packaged the rectangular, polar and spherical 
geometries of flight... in computers easily held in a man’s 
hand or held aloft by an economic expenditure of power. . .computers 
unexcelled for 22 years at calculating flight paths, interception 
courses, fire control trajectories... with answers that come 
out fast and right. They offer a challenging capability to 
■ and design engi- 
Glendale, Calif, 
information on 
Employment Mgr. 




Prestige Debated 


Polaris in Scotland 


Aeroflot Competition 


Washington Roundup 

U. S. prestige became a major campaign debate last week. Democrats generally 
took the position that it is at an all-time low while Republicans maintained that it 
is at an all-time high. 

Series of surveys made by and for the United States Information Agency became 
the crux of the argument. The Write House has refused to make results of these 
surveys public. It insists that one-covering reaction in 10 European countries-is 
classified secret and is an internal, low-level staff paper. Sen. William J. Fulbright. 
chairman of the Senate Foreign Relations Committee, insists the survey was prepared 
for the National Security Council and is therefore very high-level. 

Fulbright said the European survey, made late in August, showed that eight of the 
10 countries polled thought Soviet Russia would be superior to the U. S. in military 
power in 1070. Other polls reportedly reflected the opinion that Russia already is ahead. 

Democratic presidential candidate Sen. John F. Kennedy accused the Administra- 
tion of keeping the surveys secret to protect Republican candidate Vice President 
Richard M. Nixon. 

Nixon stuck to his position that prestige has never been higher, basing this mainly 
on recent favorable United Nations votes, lie got strong support from President Eisen- 
hower. who said that when “We hear some misguided people wail that the U. S. is 
stumbling into the status of a second-class power and that our prestige has slumped 
to an all-time low. we are simply listening to debasement of the truth." 

The White House said the President spoke from his knowledge of all the facts 
not just from a position paper prepared for one agency. 


Britain has agreed to let the U. S. station Polaris fleet ballistic missile submarines 
at Dunwoon. Scotland, and the British navy has hinted that it. too. would like to 
have Polaris snbs-but it says the l'. S. has not yet made such an offer. 

Britain meanwhile is studying a U. S. plan to give NATO Polaris subs. With 
Britain and the U. S. now the only free world nuclear powers, but with France moving 
rapidly toward an independent nuclear status, the question of arming NATO with its 
own nuclear weapons still is far from settled. 

Soviet Premier Nikita Khrushchev's claim that Russia already has nuclear-powered 
subs armed with rockets is certain to affect thinking on the Polaris situation. 


U. S. and Britain have revised their 19-year-old agreement on stationing of USAF 
aircraft at British bases. Political demands that Britain have more knowledge of U. S. 
activities and more control over USAF flights from these bases resulted from the 
shooting down of a British-based RB-47 over the Barents Sea. Prime Minister Harold 
Macmillan said the new terms ensure that U. S. activities from these bases will be 
“fully known" to his government, but he left unanswered the question of whether 
Britain now has veto power over specific flights. 


Federal Aviation Agency chief E. R. Quesada made a bid last week for the Ameri- 
can League baseball franchise in Washington. He wall leave FAA in January if he is 
successful in acquiring the new franchise, created to replace the Senators when they 
move to Minneapolis. 


“Aeroflot is not a competitive threat now to U. S. flag carriers, but the Soviet air- 
line will match U. S. service in four years if it continues to improve at the present rate. 
This is the impression Air Transport Assn. President Stuart G. Tipton carried away from 
his recent trip to Russia. He feels the pace of Aeroflot improvement would be faster 
if the airline joined the International Air Transport Assn. 

Tipton feels Aeroflot has failed to perceive the public preference for turbojet trans- 
ports and has made a big mistake in concentrating so heavily on turboprops. 

American Rocket Society and American Astronautical Society are about to resume 
discussions of a possible merger after a hiatus of more than a year. 

Capt. Allan F. Fleming will become the new director of Navy's Astronautics Divi- 
sion in December. Currently commanding the carrier Saratoga, Capt. Fleming will 
replace Capt. Richard L. Kibbe, who will become First Fleet chief of staff. 

—Washington Staff 


AVIATION WEEK, October 31, 1960 



S pace T ech nology 


USAF Plans Radical New Space Plane 


Studies costing $20 million sought in next budget; 
earth-to-orbit vehicle would need no large booster. 

By Larry Booda 

Washington— Air Force is requesting $20 million in its Fiscal 1962 budget 
for research and development on Space Plane, a radically different manned, 
winged vehicle that would fly both in the atmosphere— storing oxygen to burn 
in its engines— and into space as far as the moon. 

Space Plane would be a 500,000-lb. follow-on vehicle to orbital versions of 
the much smaller Dyna-Soar boost glider. The new funds would cover studies 
designed to lead to flight tests in the 1966-1968 period. 


Space Plane would be the first 
manned space vehicle that could propel 
itself from earth into orbit and return 
to earth under its own power, requiring 
no large rocket booster such as Mercury, 
Apollo and Dyna-Soar do. 

Most unusual feature of this vehicle 
is that it would almost double its half- 
million pound takeoff weight as it flew 
through the upper atmosphere because 
it would collect oxygen for its engines 
as it flew. 

L.t. Gen. Roscoe C. Wilson, deputy 
chief of staff for development briefly 
mentioned USAF’s interest in a Dyna- 
Soar follow-on in a recent speech before 
the Society of Automotive Engineers’ 
Aeronautic Meeting and Air Force 
Office of Scientific Research Astronau- 
tics Symposium in Los Angeles (AW 
Oct. 24, p. 52). Aviation Week has 
learned that his reference was to Space 
Plane and that it is one of four or five 
major space weapon systems for which 
USAF is seeking development funds. 

The vehicle might be used for a 
variety of missions, including resupply 
of weapon systems now planned for de- 
velopment by that time. 

Several Types of Engines 

Takeoff of Space Plane would be ac- 
complished by means of self-contained 
engines, possibly of the standard tur- 
bine type, plus jettisonablc rocket boost- 
ers. Propulsion in the fringes of the 
atmosphcrc-285.000 to 580.000 ft.- 
could be by means of the turbine en- 
gines, fueled with hydrogen, or with 
hydrogen-fueled ramjets. Propulsion in 
space would be by means of a conven- 
tional rocket system, burning liquid 
hydrogen and the liquid oxygen col- 
lected during atmospheric flight. 

Reason for the unique oxidizer-stor- 
ing system is to enable man to travel 
further into space using a lighter-weight 
vehicle at takeoff and chemical propul- 
sion systems that are believed to be 
within the current state of the art and 
can be available in the time period 
planned. Space Plane probably would 
be the last chemically powered space- 


craft because it is believed that non- 
chcmical systems in the nuclear and 
nuclear-clcctric fields will be sufficiently 
developed in the mid-1970's to power 
a follow-on craft. 

Mission profile of the vehicle en- 
visions the following sequence: 

• Normal aerodynamic takeoff com- 
bined with rocket boost to furnish both 
vertical and forward thrust. 

• Rapid climb to upper limits of aero- 
dynamic lift. 

• Acceleration to orbital speed. 

• Orbit for sufficient time to fill tanks 
with liquid oxvgcn. 

• Proceed on space mission. 

• Return to fringes of atmosphere for 
gradual deceleration from re-entry speed 
of 55,000 fps. Aerodynamic lift on 
wings would be used to overcome cen- 
trifugal force and hold the craft in a 
circular flight path while drag gradually 

The alternative to the last step would 
be another oxygen-gathering cycle if the 
hydrogen load had been only partially 
consumed. The vehicle could then per- 
form another space mission. 

• Return to surface for standard 
approach and landing. 

Principle of the fuel system for the 
space portion of the flight depends on 
the chemical conditions surrounding 
burning of oxygen and hydrogen. Eight 
pounds of oxygen arc required for every 
pound of hydrogen. This hydrogen- 


Crasli Kills Nedelin 

Moscow— Marshal Mitrofan Nedelin, 
supreme commander of Soviet Russia's 

minister, was killed on duty Ocl. 24 in 



Soviet Premier Nikita Khrushchev 
credited Marshal Nedelin's forces with 
shooting down the Lockheed U-2 recon- 
naissance aircraft last May 1. Marshal 
Kirill Moskalenko has been named to 


oxygen combination produces one of 
the most efficient rocket propulsion 
fuels, yielding high specific impulse. 

Since the increase in gross weight 
after takeoff would be from 500,000 to 
1,000,000 lb., the proportional amount 
of liquid hydrogen needed at takeoff 
would be 62,500 lb. However, an un- 
specified amount of liquid hydrogen 
would be required for operation with 
the oxygen extraction system. Estimates 
by engineers run between 10,000 and 
25,000 lb. as the extra amount of 
hydrogen needed for the air-gathering 
and processing cycle. 

Air Liquefying Cycle 

Design of the vehicle would incor- 
porate a huge scoop whose open part 
would be pointed forward. Basic 
principle of the scoop would be to 
gather the very lightly associated mole- 
cules of oxygen and nitrogen, and, 

press them to a normal gas fluid state. 
Vehicle speed during this collection 
cycle would be about Mach 18. 

The compressed air would then pass 
over a heat exchanger whose coolant is 
liquid hydrogen. Temperature of the 
exchanger would be — 252.7C or colder, 
which would liquefy the air. From this 
exchanger the liquefied air would go to 
a storage tank. From here it would pass 
through a flip-flop valve to another tank 
where fractional distillation would take 
place. Nitrogen, with a boiling point 
of —195.SC, would be separated from 
oxygen, which has a boiling point of 
1 S5.0C. From the distillation chamber 
the liquid oxygen would go to a storage 
chamber where it would be kept until 
needed for propulsion. 

Although the principle outlined 
above is not new and is possible in 
accordance with basic rules of physics, 
major heat transfer problems face the 
designers because of the difficult task 
of extracting heat from the gasses and 
liquefying them in flight. 

In Space Plane, a large portion of 
the airframe interior would be taken 
up with heat exchangers, and some 
engineers believe the vehicle will be 
essentially a fir ing radiator with a large 
open mouth. 

Unless there is a major advance in 
metallurgy, the vehicle will be con- 
structed of molybdenum, as Dyna-Soar 
will be (AW Sept. 26, p. 55). ' 

Air Force planners emphasize that 
the concept will be subject to many 
changes in the study phase and the 
research and development phases, but 
the system is based on studies already 
completed, such as Northrop's Profac, 
a vehicle using an oxygen recovery sys- 
tem similar to the above. 
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U.S. Supersonic Transport Project 
With Government Funds Expected 


Washington— Development of a su- 
personic transport through design study 
contracts let to manufacturers by the 
Federal Aviation Agency, with National 
Space and Aeronautics Administration 
continuing its research and acting as 
technical monitor of the project, now 
appears likely. 

'Die principle of government support 
of the development of a supersonic 
transport has been strongly endorsed in 
a survey undertaken for the FAA by 
United Research. Inc., which found 
that the airframe industry will not 
embark on a supersonic project with- 
out assistance from the government. 

Meanwhile, the British Ministry of 
Aviation has granted a contract to 
British Aircraft Corp. to begin design 
studies on a supersonic transport al- 
though the government has urged that 
possibilities of cooperating with the 
U. S. on the program continue to be 
explored. Sud Aviation and Avions 
Dassault have combined to develop a 
supersonic transport in France (AW 
May 2, p. 41) and Soviet Russia also 
is known to be developing such an 
aircraft. 

Under the present plan, study con- 
tracts will be let to several manufac- 
turers and the best two proposals will 
be selected to enter the detail design 
phase of the project. Since FAA does 


not wish to expand its present technical 
staff for the program, technical details 
will be handled by NASA. 

The United Research report found 
that the market for supersonic trans- 
port aircraft is not sufficiently large to 
support the construction of such an 
airplane by more than one manufac- 
turer in the free world. It added that 
as long as no manufacturer can ensure 
himself against the competition of an- 
other. the "foreseeable risks are sub- 


R&D Expense 

It noted that the research and devel- 
opment expense alone in completing 
the program by 1970 will amount to 
as much as SI billion, even with an 
active B-70 program in process. The 
report stressed that technical and finan- 
cial risks will be greater by a wide mar- 
gin than any previous known comnier- 

The report found that the airline in- 
dustry "could and would" buy eco- 
nomic supersonic transports if they 
were available in 1970. This conclu- 
sion was based on the fact that sub- 
stantial traffic growth can be expected 
during the next decade and that the 
historical industry trend toward a 
steady replacement or older equipment 
with newer and faster aircraft points 


to a requirement for a long-haul super- 
sonic transport from commercial use 
by 1970. 

Tire report concluded that major 
U. S. carriers will have about SI billion 
in cash on hand by 1970 which, 
coupled with accruals of some S400 mil- 
lion per year from depreciation, should 
provide adequate funds to support the 
purchase of supersonic aircraft. 

The report estimated that, if the 
planes were available in 1970. U.S. car- 
riers would be in the market for 75 in 
1970 and 116 by 1975. Cost of each 
aircraft to the airlines is estimated at 
S25 million including spares. 

The report warned, however, that al- 
though the commercial market for a 
supersonic transport may range as high 
as S4 billion, the market “is far from 
assured.” It said sales would depend 
upon manufacturers’ ability to produce 
a plane that can be operated at total 
costs competitive with those of sub- 
sonic jet aircraft. It also said the mar- 
ket is dependent upon the capability of 
the airlines to integrate supersonic op- 
erations into existing facilities and pro- 
cedures without incurring economic 

The report concluded that there is 
no reasonable prospect for a timely 
commercial program for the develop- 
ment of a supersonic aircraft without 
government support. It warned that no 
manufacturer is likelv to undertake the 
financial risks involved without some 
assurance that research and develop- 
ment costs will be recovered. 
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Ion Engine Flight Tests Planned for 1963 


By Edward H. Kolcum 

Washington— Greatest possible vari- 
ety of electric space propulsion pro- 
posals from industry is being encouraged 
by the National Aeronautics and Space 
Administration before it decides next 
year which four ion engines will be 
flown in ballistic flight tests of the con- 
cept starting in early 1965. 

Four tests of first-generation, battery- 
powered ion engines in ballistic flights 
are planned as a prelude to a 1965 flight 
with a SNAP 8 reactor system powering 
both ion and arc jet electric engines in 
a single test. 

Hughes Aircraft Co. currently has a 
development contract for a laboratory 
ion engine, and General Electric, Avco 
and Plasmadyne have contracts for ex- 
perimental arc jet engines. NASA wants 
to award further study contracts in the 
field, and it will decide next year which 
four ion engines will make the first test 
flights after studying current work, re- 
sults of any future study contracts and 
industry proposals. 

Centaur-boosted SNAP S system will 
test a 0.1-lb. thrust ion engine and a 
0.5-lb. thrust arc jet engine. 'Hie ion 
engine could be either a single-chamber 
model or a cluster of 10 -01-lb. systems. 

Primary objective of the first tests. 


to be conducted over a 12-month pe- 
riod, will be to assess methods of beam 
neutralization, considered the most se- 
vere technical design problem in ion 
propulsion. Secondary objective is to 
establish engine performance parame- 
ters by comparing flight and laboratory 
data. The ion engine must exhaust a 
neutral beam, since particles in a 
charged beam would be attracted to the 
engine structure and form a cloud at the 
exit, resulting in no thrust. 

NASA feels that a real test of beam 
neutralization can only be made in 
space, even though ion engines have 
been run for long periods in vacuum 
tanks. Vacuum chamber walls and 
residual gases in ground tests are un- 
natural influences and therefore do not 
provide a true environment for study- 
ing neutralization methods. 

NASA says it will welcome any elec- 
tric propulsion system proposals from 
industry. Industry contact for proposals 
is the space propulsion programs office, 
headed by Dr. Harry Harrison. Pro- 
gram assistants arc Ira R. Schwartz and 
Capt. Richard J. Hayes, assigned to 
NASA from the Air Force. 

Government awareness of expanding 
industrial interest in electric propulsion 
was reflected in the establishment last 
month of a NASA development com- 


mittee to plan and manage development 
and test of electric propulsion systems, 
and to consider funding industry pro- 
grams which show merit. Operating 
under this committee, which Harrison 
heads, is a technical working group un- 
der Dr. Ernst Stuhlinger, director of 
the Research Projects Division at 
NASA’s Marshall Space Flight Center. 

Harrison's committee consists of pro- 
gram managers in NASA’s Launch Ve- 
hicles and Advanced Research offices, 
so that the agency's considerable elec- 
tric propulsion research, industry re- 
search and development, and scheduling 
of launches will be blended into an 
orderly program. 

NASA's immediate electric propul- 
sion effort is centered around basic 
research in ion propulsion at Lewis Re- 
search Center, basic studies in magne- 
tohydrodvnamics (MHD) at Langley 
Research Center, the four engine devel- 
opment contracts with industry and a 
number of relatively small contracts to 
support applied research. 

The agency is increasing this effort, 
mainly through the policy of being pre- 
pared to consider, and fund, attractive 
industry proposals. Harrison, Schwartz 
and Hayes are compiling a broad-based 
list of unsolved development problems. 

Most promising electric propulsion 
systems for use in the near future are 
electrothermal, which use the arc 
heated principle; electrostatic, or ion 
beam; and electrodvnamic, also called 
magnetohydrodvnamic. 

The four development contracts now 
out are for three experimental arc jet 
engines and one laboratory ion engine. 
NASA plans to request proposals for an 
MHD engine. NASA also plans to fund 
several far-ranging studies to identify 
space missions for first-generation ion 
and arc jet engines, specifically where 
these engines arc potentially superior 
to chemicallv-fuelcd upper stages. Stud- 
ies arc expected to result in analytical 
comparisons of existing and projected 
Saturn upper stages with the 0.1 -lb. 
thrust ion. and 0.5-lb. thrust arc jet 
engines. 

Ultimate objective for NASA's first 
generation flyable ion engine— which 
will use the 30 kw. SNAP 8 electrical 
power— is to develop . 1 -lb. thrust over 
a one-year operating lifetime with a 
specific impulse of 4,000 to 6,000 see. 

Hughes Aircraft Co. is constructing 
an 0.01-lb. experimental ion engine 
under a $490,000 one-year contract 
which will expire in September, 1961. 
NASA will wait until this engine is 
laboratory tested before deciding 
whether to have Hughes develop it fur- 
ther as a single-chamber 0.1 -lb. thrust 
system, cluster 10 0.01-lb. engines to 
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provide this thrust, or go to other firms 
entirely for flight hardware. 

It is expected that at least one flight 
test will be made of an engine devel- 
oped at Lewis Research Center. 

NASA's ion engine will use the con- 
tact method of ionizing cesium fuel to 

C roduce a particle stream. Air Force is 
inding a second ion-producing method, 
called bombardment (see story, p. 73). 

Contact method uses the principle of 
heating liquid cesium metal until it 
becomes gas and impinges on the sur- 
face of a porous tungsten electrode 
plate, separating negative particles from 
cesium atoms. Positive ion stream is 
then focused and brought to desired 
velocity by a system of accelerator/de- 
celcrator electrodes. 

The stream is neutralized by inject- 
ing electrons at low velocity at the exit. 
The critical design problem in the elec- 
tron injection is that the negative par- 
ticles must be prevented from drifting 
backward into the chamber or a thrust 
fluctuation will result from non-constant 
exhaust velocity. 

While beam neutralization in the 
space environment is the major prob- 
lem in ion engines, NASA feels devel- 
opment of this engine also depends on 
fixing the spacing between focusing, 
accelerating and decelerating electrodes, 
and on determining optimum particle 

General Electric Flight Propulsion 
Laboratory and Avco Research and 
Advanced Development Division, each 
with S2 50,000 contracts, are develop- 
ing 0.5-lb. thrust arc jet engines in 
competing projects for NASA. Plasma- 
dyne Corp. has a $200,000 contract to 
build an experimental 1-kw. arc jet 
engine, to be powered by the Sunflower 
solar collector-converter system. First 


Pasadena, Calif.— National Aeronau- 
tics and Space Administration's Voyager 
space vehicle will use Saturn C-l and 
C-2 boosters and will start develop- 
mental flights to Venus in 1965. Dr. 
William J. Pickering and staff members 
from California Institute of Technol- 
ogy's Jet Propulsion Laboratory said in 
a meeting with industry officials here 

The Saturn C-2 will give Voyager 
enough additional flexibility to permit 
flights outside of the plane of the 
earth's orbit in 1968 and flv-bv mis- 
sions to Mercury or Jupiter by 1970. 

Four other NASA space projects be- 
ing developed are: 

• Mariner. It will precede Voyager and 
be a basis for its development. Centaur- 
boosted Mariner will conduct its first 


flight test of a 0.5-lb. tlirusr engine will 
be with the 1965 SNAP 8 launch. 
Flight of a 1-kw. engine is under study. 

Arc jet system, formerly called plasma 
engine, uses a cold gas such as hydro- 
gen or helium as fuel. The gas is heated 
to a high temperature, passes through 
an electric arc and is expanded through 
a nozzle to produce kinetic energy. 
Specific impulse is 750 to 1,500 sec. 

Specific research problems in this sys- 
tem are in engine start, energy losses, 
cooling, propellant storage, feeding and 
basic engine configuration. 

Contracts to solve these problems 
are now under consideration by NASA, 
which is interested in studies of: 

• Engine losses from fuel ionization, or 
frozen flow, and from heating and elec- 
trode design. 

• Cooling techniques, including radia- 
tion, transpiration and convection. 

• Starting methods, using energy dis- 
charge. bridge wire, movable electrodes 
or radioactivity. 

• Propellants, including argon, ammo- 
nia, water and hydrides. 

If fuel can be recovered from its 
ionized state, the arc jet engine has the 
potential of increasing cfficiencv from 
20 to 60%. 

Studies also are planned to determine 
possible use of heavy particles for fuel, 
since they provide a higher thrust than 
light ions if both are accelerated at the 
same velocity. Among potential sources 
are human waste and planctarv dust. 

NASA plans an 1 S-month feasibility 
studv in the MHD propulsion field, 
including assessment of continuous, 
pulsed and induction means of accel- 
erating exhaust. Current idea is to se- 
lect one or two contractors who will 
explore the entire electrodvnamic pro- 
pulsion potential. 


mission, a Venus fly-bv, in 1962. The 
second Mariner mission scheduled is a 
deep space probe later in 1962 with a 
nearlv identical spacecraft and a similar 
trajectory to gather additional engi- 
neering data and knowledge of inter- 
planetary space. The same Mariner 

and instrument changes will be used for 
Venus opportunities in 1964 and per- 
haps 1965. First launch of a Mariner 
vehicle to Mars is scheduled in 1963. 
It will be a development mission and 
the vehicle will be a prototvpc of one 
to be used for a Mars mission in 1964. 
The trajectory will be chosen as the best 
test of the spacecraft and will involve an 
earth-return orbit. The first Voyager 
will be a Saturn-boosted extension of 
the Mariner system with the additional 


weight capability used mainly for retro- 
propulsion and terminal guidance. 

• Prospector. This is a study phase de- 
velopment for a Saturn-boosted vehicle 
capable of placing a wheeled or tracked 
mobile probe on the surface of the 
moon or returning samples of lunar ma- 
terial to the earth. Technical briefing, 
proposals and design competition for 
Prospector spacecraft will begin in 1961. 
Full-scale development will begin in 
1962. First launch must await NASA 
Saturn booster system. 

• Surveyor. This project, also in the 
study phase, is aimed at a controlled or 
soft landing on the moon. Survevor will 
use a Centaur launching vehicle. Its 
spacecraft will weigh about a ton, in- 
cluding guidance and rctrorockcts, and 
it should be able to soft-land about 100 
lb. of instruments on the moon. Four 
companies now have NASA contracts 
for design studies on Surveyor. They 
are Hughes Aircraft. McDonnell Air- 
craft, North American Aviation, and 
Space Technology Laboratories. 

• Ranger. In this program five flights 
of a JPL-dcsigncd spacecraft with Atlas- 
Agena 13 launch systems will be used to 
rough-land (200-300 mph. impacts) in- 
strument packages weighing up to 50 
lb. on the moon. Propulsion up to the 
point of injection is the responsibility 
of the NASA Marshall Space Flight 

Private Industry 

Dr. Pickering told 600 industrialists 
attending the meeting that about 65% 
of the $50 million that JPL will spend 
for NASA on its lunar and planetary 
program in this fiscal year will go to 
private industry. Dr. Pickering predicted 
the portion would rise next vear. 

Dr. Albert R. Hibbs, chief, the divi- 
sion of the space sciences, outlined the 
scientific objectives of the lunar and 

"We hope that an active radar can 
be included in the Venus orbiter for 
mapping the surface since, as far as we 
can tell, the Venusian cloud cover is 
opaque to visual systems. 

“A Mars orbiter will place more em- 
phasis on surface photography. The 
exact portion of the spectrum to be 
covered in this photographic mission 
will depend on results obtained by 
spectrophotometers carried aboard ear- 
lier Mars near misses. 

”. . . It is clear that a landing space- 
craft for the Martian surface must be 
employed. Such a spacecraft would 
cariy several pieces of equipment to 
assist in this biological exploration pro- 
gram. It would probably have TV 
reading microscopes working in the 
ultraviolet and near ultraviolet region, 
as well as systems for culturing micro- 
organisms and measuring the changes 
in the culture medium.” 


NASA’s Voyager Venus Probe 
To Make First Flight in 1965 
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Nixon Claims U.S. Dominates Space Race 


Washington— U. S. has surpassed 
Russia in all aspects of the space race 
except rocket thrust and will soon move 
ahead in that area despite failures of 
the Truman Administration, Vice-Pres- 
ident Richard M. Nixon claimed last 

The Republican presidential candi- 
date's prediction was issued in one of 
his series of White Papers on major 
campaign issues, a document which 
stronglv emphasized the importance of 
being first in space exploration, praised 
the Eisenhower Administration’s prog- 
ress in this area, and blamed the policies 
of the Truman Administration for the 
slow U. S. start in space technology. 

"Sen. Kennedy [the Democratic 
presidential candidate] attempts to 
hitch his political wagon to the Soviet 
Sputnik, charging that the Eisenhower 
Administration is allowing the Soviets 
to outdistance us in the exploration of 
space," he said. “It is irresponsibility 
of the worst sort for an American presi- 
dential candidate to obscure the truth 
about America’s magnificent achieve- 


ments in space in an attempt to win 

"We entered the space competition 
some paces behind." he charged. "We 
paid a penalty because the Truman Ad- 
ministration discarded and ignored the 
implications of the long-range rocket. 
We were slow because that Administra- 
tion in the years between 1945 and 
1950 relied entirely on our lead in nu- 
clear weapons and strategic bombers. 

"Not until President Eisenhower took 
office in 1955 did the United States 
begin serious work on the interconti- 
nental ballistic missile," the Republi- 
can candidate said. "Because those re- 
sponsible for our security before him 
did not feel the need for long-range 
missiles— the U. S. made no effort to 
match the post World War II missile 
programs of the Soviets, which they in 
a large measure seized as a prize of war 
from the Germans in the year just pre- 
ceding the Korean war— the year the 
Soviets successfully exploded their first 
A-bomb. 

Nixon charged that the Truman Ad- 


ministration "eliminated the long-range 
missile development entirely," and that 
among the projects “wiped out was one 
which might have put the first U. S. 
satellite in orbit by 1952. five years be- 
fore Sputnik." 

Nixon said the U. S. must lead in the 
exploration of space because discovery 
is one of the tests of the vitality of a 
people. “We can no more leave this 
task to George— or Iran— and still main- 
tain our world leadership than England 
could have left the new world entirely 
to Spain and still have become the first 
power of the world during the two cen- 
turies that ushered in the modern era.” 

The Eisenhower Administration has 
"just about closed an inherited space 
gap,” Nixon claimed. “We have been 
hard at work on the related problem- 
tile so-called missile gap— likewise in- 
herited— and we have achieved great 
success. 

"With expenditures of more than a 
billion a year, utilizing the great re- 
sourcefulness of the giant industrial 
complex of America as well as that of 
the federal government,” Nixon said, 
“we have surpassed the Soviet lead in 
the space competition in all respects 
but that of rocket thrust where the 
failures of the last Administration 
handed the Soviets a several-year lead; 
and even that lead is soon to be sur- 

In the fourth television debate be- 
tween the candidates the previous 
week. Nixon had ignored the thrust 
problem and had been more positive. 
“. . . We are first in the world in space, 
as I have indicated," he said. "We are 
first in science.” 

The Vice President said that to date 
the U. S. has launched 2S space satel- 
lites and space probes successfully 
to Russia’s eight, and the U. S. shots, 
because of the character and value of 
the accomplishment, are of greater im- 
portance than the "superiority of sheer 
numbers.” 

While the next President is still in 
office, Nixon said, the first American 
astronaut “will almost surely complete 
true space flight,” and it is also possible 
that the next President will receive at 
the White House the first American 
astronaut to return from circumlunar 
flights around the moon. 

He said these events are scheduled in 
the national space program: 

• "We are proceeding at top priority in 
the development of space rockets of 
lifting power in excess of any the Soviets 
are developing, according to information 
that I deem to be reliable. With our 
one and one-half million pound thrust 
Saturn vehicle we will take the lead in 
chemically powered space rockets. 



Pratt & Whitney Develops JTFD-12 for Skycrane 


New Pratt & Whitney JTFD-12 gas turbine engine features free turbine drive and will be 
installed in the Sikorsky twin-turbine S-64 Skycrane helicopter, at a rating of 4,050 shp.; 
industrial version, the FT-12, will be rated at 3,000 shp. maximum. Engine is outgrowth 
of the JT-12 turbine {Lockheed JetStar and drone powerplant). Blades in exhaust are 
guide vanes and free turbine is behind the exhaust. Shaft from the free turbine extends out 
to a connection for the engine’s gear box. 
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Cessna Unveils 1961 Line 

Wichita. Kan.— Major changes arc evident in Cessna Aircraft Co.’s 1961 line of 
business aircraft, being unveiled here this week at the company’s annual distributor 
and dealers meeting, which mils through Nov, 2. 

Six new models, including the four-place Skyhook helicopter, arc being shown 
for the first time, including a utilitv airplane, aimed at bridging the gap in the 
size class between the Canadian dc llavilland Beaver and Cessna’s familiar 180. 

Named the Sky wagon, the new Model 185 utility airplane is powered by a Con- 
tinental IO-470-F 260-lip, fuel injection engine similar to that in the Model 210 
and 310 airplanes. Hie new airplane. Cessna says, was designed in response to 
evpanded mission and performance requirements, particularlv in regards to heavier 
pavlnads than arc possible in the 180. 

Of configuration similar to the Model 180. including tailwlicel-typc landing 
gear, the Skvwag n is designed to carry six adults plus 270 lb. of baggage and full 
fuel (65 gal, stmrlard) at speeds np to 172 mph. Gross weight is 3.200 lb., and 
cnintv weight is 1.520 lb. At 164 mph. cruise speed the Skywagon will have an 
endurance of 4.7 hr. Rate of climb is stated to be 1,000 fpm. Model 185 will be 
priced at S18.950 for the standard equipped airplane, flyaway factors. 

Revised lines on the nose, wingtip tanks, plus additional cabin windows mark the 
1961 Cessna Model 310F five-passenger light twin. Nose cap of the airplane is more 
pointed than on earlier models, the trailing edge tips of the wing tanks have a 
rakish new look and the third added window on each side of the fuselage provides 
increased visibility for rear passengers. The 31 OF. powered by 260-hp. Continental 
IO-470-D engines, is equipped with new Scintilla retard-type magnetos for easier 
and faster starts. Two magneto switches, the starter snitch and optional oil dilution 
snitch arc incorporated in one unit. System enables a more convenient tachometer 
pickup source and elimination of the tachometer generator used on earlier-type 
magnetos. The 310F will sell for S62.500 in the standard version, at the factory. 

Improved Model 172, featuring a new fuselage, will be available in two versions, 
the standard 172 and the de luxe, completely equipped companion Skyhawk. Landing 
gear on these airplanes has been shortened three inches to provide easier ground 
handling. Powered by a 145-lip. Continental 0-300-D, the 172 and Skyhawk will 
sell for S9.795 and SI 1,475 respectively. Wichita. 

Landing gear relocated two inches aft is one of the prime features on the two- 
place Model 150 for 1961. the aim being to shift the center of gravity forward and 
improve ground handling. Powered bv a Continental O-200-A of 100 lip., the new 
150 will sell for S7.495 in tile standard version, SS.400 for the trainer and S8.995 
for the de luxe intercity commuter model. 

Cessna plans to split unveiling of its complete model line this year. Being shown 
here arc the Model 185. Model 31 OF. 172 and Skyhawk. the 150 and the Skyhook 
helicopter (AW Oct. 17. p. 131). Details of the oilier airplanes for 1961. including 
the Model 175 and Skylark. Model 150 and ISO will be released at simultaneous 
nationwide dealer slimvmgs scheduled for Dec. 2. 


• “During the term of office of the next 
President we will get the first nuclear- 
fucled engine capable of deep pcnctra- 

• “In the period of 1966 to 1967 we 
will launch and operate a manned, per- 
manent space station, orbiting at some- 
where between 300 and 1,000 mi. from 
the earth, to which our astronauts will 
go and come and stage flights farther 

• “We will launch in the period from 
1966 to 1968, manned circumlunar 
flights. 

• “By the early 1970s we will launch 
manned space ships to land and return 
from the moon. 

"Of course," lie warned, “we cannot 
always lead all nations in all steps on 
the wav into space, for each nation will 
pursue different programs with different 
emphasis. But this I pledge: If the re- 
sponsibility becomes mine on Jan. 21. 
America will be second to none in the 
long stride into space." 

The Republican candidate said it 
should be understood that this effort 
will be expensive, but he believed that 
every dollar that could be spent con- 
structively and responsibly should be 
invested in the effort to quicken the 
exploration into the world of inter- 
planetary space. 

Con vair, GE, Marlin 
Win Apollo Contracts 

WasJiington— Contracts to studv 
feasibility of the multi-man Project 
Apollo spacecraft will be awarded to 
Convair Division of General Dynamics 
Corp., Ccneral Electric Missile and 
Space Vehicle Department, and Martin 
Co. Baltimore Division. 

National Aeronautics and Space Ad- 
ministration is negotiating individual 
S250.000 fixed fee contracts with the 
three companies, and they will be 
awarded Nov. 14. The six-month stud- 
ies are designed to provide a variety 
of views in defining a flexible space- 
craft system for earth orbiting and cir- 
cumlunar missions; time, cost and facili- 
ties required to implement the program; 
identification of existing technical un- 
knowns which could block the program 
(AW Aug. 29. p. 26). and a cost 
analysis. 

Convair. GE and Martin were 
selected to conduct the studies from 
among 14 firms submitting bids. 

Although NASA did not specify iden- 
tification of associates in the feasibility 
study, two successful bidders have 
chosen several partners, and undoubt- 
edly all three will add a number of 
subcontractors as the studies develop. 

Bell Acrosystems Division will join 
GE for work in the areas of high tem- 
perature structures, propulsion, energy 
management and reaction controls. 


Convair team members selected to 
date arc Avcn Research and Advanced 
Development Division and Lovelace 
Foundation for Medical Education and 
Research. 

Large number of potential additional 
associates is apparent from the high in- 
terest in the Apollo industry briefing 
Sept. 1 2. attended by representatives of 
SS industry and research organizations. 

GE Strike Settled 
With 3 -Year Contract 

Washington - Three-week strike 
against General Electric ended last 
week when the International Union of 
Electrical Workers (AFL-CIO) ac- 
cepted a three-year contract with es- 
sentially the same terms the company 
offered before the strike (AW Oct. 24. 
p. 33). 

The union also reached agreement 
in substance with Westinghousc Elec- 


tric on a three-year contract, ending 
threat of a strike against another major 
electrical equipment producer. 

Under terms of the GE contract. 
IUE members will get an immediate 
3'- wage increase with an option, 
which union must select within 30 
days, for either another 471 increase 
in 18 months or a wage reopening 
clause at the end of 18 months. If IUE 
accepts the former, individual locals 
will also have the opportunity to vote 
on a local option alternate arrangement 
under which they would receive a 3% 
increase in IS months, instead of 4%. 
but would get a more liberal vacation 
and holiday plan. 

Westinghousc agreement, similar to 
the one with GE, provides increase of 
4 to 10 cents per hour immediately, 
and a similar raise in IS months, with 
more liberal layoff, retirement and vaca- 
tion plan. Both companies dropped 
former cost-of-living escalator clauses, 
a bone of contention with the IUE. 


AVIATION WEEK, October 31, 1960 




Space Technology 


AT&T Plans Satellite Launch in One Year 


By Philip J. Klass 

Washington— American Telephone & 
Telegraph Co. has sharply accelerated 
its commercial communications satel- 
lite program and now expects to have 
an experimental satellite in orbit within 
a year. The satellite will provide one- 
way television or voice/data channels 
between the U. S. and Western Europe. 

The company has asked the Federal 
Communications Commission to allo- 
cate two 100 me. bands for its trans- 
atlantic communications satellite tests 
-6,425-6,525 me. and 6.775-6,875 me. 

The AT&T action follows closely an 
FCC decision denying the company's 
petition that it reconsider previous fre- 
quency allocations above S90 me. for 
private microwave systems. AT&T, 
which earlier had opposed the 890 me. 
microwave decision on commercial 
grounds, warned FCC in July that fail- 
ure to reopen the case could result in 
serious interference problems for com- 
munications satellites (AW July 18, p. 
37). 

AT&T Announcement 

The AT&T announcement of its new 
satellite plans also followed a recent 
statement by National Aeronautics and 
Space Administration chief Keith Glen- 
nan that the agency would launch com- 


mercial satellites at cost (AW Oct. 17, 

p. 26). 

Company’s "within one year” time- 
table for placing its first experimental 
communications satellite in a 2.200 mi. 
orbit represents a sharp acceleration of 
the AT&T program. 

Three months ago, when AT&T filed 
a 125-page petition with FCC urging 
it to reopen the abovc-S90-mc. case be- 
cause of communications satellite fre- 
quency needs, the company went into 
considerable detail on all aspects of its 
program, except a timetablc-not even 
a tentative timetable was given. In re- 
sponse to an Aviation Week query, 
one AT&T scientist indicated that the 
first experimental satellite was expected 
to be ready for launching “in a couple 

Observers see several possible explana- 
tions for the faster tempo of the AT&T 
program. One is company concern lest 
pressures develop for the government 

cations satellite field to accelerate the 
program and beat the USSR to the 
punch (AW Aug. S, p. 51). Announc- 
ing the latest plans. AT&T Vice Presi- 
dent Henry T. Killingsworth, in charge 
of the company's Long Lines Dcpart- 

"We beiievc that the commercial ap- 
plication of satellite communications is 




a job for private enterprise. This new 
project is still another indication of our 
readiness to take on that job and pay 

Another motivating factor could be 
the growing number of avionics com- 
panies which have launched commercial 
communications satellite study and/or 
development programs. List includes 
Bendix, General Electric, Hughes Air- 
craft, International Telephone & Tele- 
graph Co., Radio Corp. of America and 
Space Electronics Corp. 

AT&T Specifications 

Tire experimental satellite which 
AT&T will construct is expected to 
measure about 50 in. in diameter and 
weigh about 175 lb. It will be powered 
by solar cells. Satellite payload is ex- 
pected to be completely transistorized 
except for traveling wave tubes used in 
the transmitter. Satellite transmitter 
output will be one or two watts. Two 
slotted antennas around the satellite 
waist will be used for transmitter and 

For initial tests, the U.S. ground sta- 
tion will be located at the Bell Tele- 
phone Laboratories facility in Holmdel, 
N. J. Other terminal for the trans- 
atlantic tests will be located in Britain, 
or possibly on the continent in Western 
Europe. Station at Holmdel will use a 

In addition to the two 100 me. bands 
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requested for initial experiments, 
AT&T has asked FCC to allocate a full 
500 me. band between 6,425 and 6,925 
me. for subsequent use by operational 
commercial communications satellites. 

The 200 me. bandwidth sought for 
initial experiments will permit either 
one-way transatlantic television or 
voice/data communications, but not 
both. 

Television transmission can be in 
cither direction. 

At the intended 2,200 mi. orbit, the 
satellite would have a period of slightly 
less than three hours. Maximum period 
during which the satellite will be in 
view of stations on each side of the 
Atlantic during a pass will be about 55 

'"The 500 me. band that AT&T has 
requested for operational use would 
provide simultaneous two-way television 
or 600 telephone circuits, or a combina- 
tion of both, AT&T says. Company 
adds that it believes a total of four 500 
me. bands will eventually be needed to 
handle growing traffic and that addi- 
tional frequencies may be requested 

On the subject of possible interfer- 
ence with existing domestic radio/ 
microwave operations, the problem 
raised by AT&T in its July petition to 
FCC, the company says that "every 
effort will be made to avoid interfer- 
ence by means of coordination. . . . We 
are of the opinion that no interference 
will be caused to existing services in the 
United Kingdom or Western Europe 
by the use of the frequencies proposed." 

Ling-Temco Reports 
Increased Earnings 

Increase of 14% is reported in Ling- 
Temco Electronics, Inc., net earnings 
for the third quarter over the same 
period in 1959. For the third quarter, 
ending Sept, 50, Ling-Temco earned 
S825.000 after taxes, equal to 55 cents 
per share, bringing total first nine 
months after-tax income to S2.260.000 
or 92 cents per share. Sales for the 
third quarter of 1960 totaled $59,569.- 
000, with total sales for the current 
nine months period being SI 1 5,489,- 
000 with a firm current backlog of some 
SI 00 million. Increased earnings were 
achieved in spite of certain non-tccur- 
ring expenses involved in combining 
Ling-Altec Electronics and Temco Air- 
craft Corp. into Ling-Temco Electron- 
ics, Inc., Board Chairman Robert Mc- 
Culloch and President James J. Ling 

Plans to integrate the company’s 
activities to accomplish more as a unit 
than the individual firms could do on 
an individual basis should increase the 
company’s net profit margins in 1961, 
they add. 


ARPA Studies Satellite -Borne 
Anti-ICBM Defense System 


Washington — Advanced Research 
Projects Agency is considering the im- 
plementalion of an extensive satellite- 
borne anti-ICBM defense system. Indi- 
cations are that if the decision is made 
to go ahead with the plan, requests for 
proposals may be issued by the Air 
Force’s Ballistic Missile Division for in- 
dustry-wide competion soon, probably 
before the end of the year. 

Boeing, Convair. Lockheed and 
Thompson Ramo Wooldridge have con- 
ducted feasibility studies for such anti- 
ICBM systems over the past year or 
more and are expected to be among the 
principal contenders. 

In anticipation of the need for such 
a system. ARPA has been funding sev- 
eral studies of similar, but competitive 
anti-ICBM systems. These include the 
Random Barrage System (RBS). a pro- 
gram which would employ a multitude 
of armed satellites placed in random 
orbits for the purpose of destroying 
enemy ICBMs before burnout. 

Now being studied in a follow-up 
phase at Thompson Ramo Wooldridge 
for Advanced Research Projects Agency 
and Ballistic Missile Division. Random 
Barrage System is competitive with 
Convair's Project Spad (Satellite Pro- 
tection for Area Defense), another 
ARPA-supportcd program. Both Spad 
and RBS, previously referred to as a 
modified Spad program (AW Sept. 19. 
p, 25). would employ armed satellites 
capable of detecting, tracking and ulti- 
mately destroying hostile ICBMs. 
Original Convair Spad program en- 
visioning use of polar orbiting satellites 
(AW Jan. 4, p. 18) was modified so that 
it too will use satellites in random 
orbits. ARPA is supporting studies on 
both programs for about S5 million a 
year each. Tin's includes BMD con- 
tracts to study the effectiveness of guid- 
ance techniques for their respective 
programs. ARPA is also financing an 
anti-ICBM svstem feasibility studv at 
Lockheed for roughly S5 million. 
Moncv for these studies is drawn from 
the SI 15 million a year budget of 
Project Defender. 

While initially identified with the 
Convair program, the term Spad has 
come to be a generic description of any 
anti-ICBM system employing orbiting 
earth satellites. 

The name Bambi, for ballistic missile 
boost intercept, also has been used to 
cover a number of anti-ICBM studies. 
USAF has assigned the designation 
Space Combat Weapon System 649E 
to the system that would grow out of 
these studies. 

Still another program, this one en- 


tirely company-funded, has been under 
study for several years at Boeing Air- 
plane Co. Thompson Ramo Woold- 
ridge assisted the Boeing effort in its 
early stages and, more recently, systems 
analyses were provided by Electronic 
Specialty Co. Burroughs Corp. has been 
conducting reliability studies for Con- 
vair's Project Spad over the past year. 

Cost of either the Thompson Ramo 
Wooldridge RBS program or Project 
Spad, should one of them be adopted 
as the nation's ICBM defense system, 
would be SI 5 billion, confidential 
sources here indicate. Neither system is 
expected to be foolproof, that is, capa- 
ble of destroying every enemy ICBM 
launched. But both systems, like any 
effective aircraft defense system in its 
sphere, should make an ICBM attack 
against this country extremely costly 
and difficult. 

The Random Barrage System studies 
were originally conducted at the Ramo- 
Wooldridge Division of Thompson 
Ramo Wooldridge but were switched 
to TRW's Space Technology Labora- 
tories after the latter took over the mili- 
tary systems workload from TRW’s 
Ramo-Wooldridge Division earlier this 
year. The RBS approach would employ 
a greater quantity of satellites than 
would the Convair Spad program, al- 
though the total number of anti-ICBM 
missiles employed in the satellites of 
either system would be roughly the 
same. For example, each RBS satellite 
might carry one counter-weapon, while 
a Spad vehicle might have six. but the 
RBS would req ire approximately six 
times as many satellites. 

An important political question 
complicates the decision which must 
be made about ICBM defense. Public 
reaction abroad may be unfavorable to 
placing an armed satellite system in 
space despite assurances of its defensive 
intentions. It may be difficult to con- 
vince others that RBS. Spad or any 
other armed anti-ICBM satellite de- 
fense system would include a built-in 
capability for being rendered harmless 
on re-entry in the event of a malfunc- 
tion in the satellite. 

A proposal for another Spad-tvpc sys- 
tem which could extend the time al- 
lowed for kill while the missile is still 
in its launch phase is being readied for 
submission to ARPA by Electro-Optical 
Systems. Inc. This approach is based 
on a novel detection device which would 
enable the satellite to spot a missile 
launch sooner and thus allow more 
time for a kill during launch. The sys- 
tem appears feasible against IRBMs as 
well as ICBMs. 
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French Nuclear Strike Force Plan 
Dubious Despite Assembly Consent 


Paris-Considerable doubt surrounds 
the future of the French government's 
plan to develop an independent nu- 
clear strike force despite reluctant ap- 
proval by the French Assembly. 

The nuclear strike force is a portion 
of the government's five-year military 
plan which stretches from January. 
1960, to January. 1965. In this period 
the French expect to spend about 
S6.232 billion on various military proj- 
ects. However, the published five-year 
plan placed before the Assembly for 
approval contained only these projects 
which, because of their long lead-time, 
have to be planned over several budget- 

Thus the Assembly debated a military 
program of some S2.55S billion. In- 
cluded in this amount were funds 
totaling SI. 150 billion earmarked to 
help finance the government s ambi- 
tion to develop a nuclear strike force. 
It was this particular ambition that 
came under heavy criticism during the 
week-long debate, one of the hottest in 
the two-year history of the Fifth Re- 
public. Deputies criticized the nuclear 
strike force concept on both political 
and technical grounds. 

Politically, many deputies felt the 
strike force project was isolating France 
from its Atlantic alliance partners. If 
France must develop such a force, many 
deputies argued, it should be developed 
on an integrated basis with the coun- 
try's NATO partners. It was also argued 
tliat if France insists on its right to de- 
velop such a force, it will be impossible 
to present the West Germans from 
seeking the same right in the future— 
despite current bans on German nu- 
clear armament. 

Covemmcnt replies to such political 
criticism were that France had tried 
again and again to develop nuclear 
armaments with the help and coopera- 
tion of its NATO partners, particularly 
the U. K. and the U.S., but each time 
had been refused. Defense Minister 
Pierre Mcssmcr revealed the govern- 
ment tried for 15 months to get an 
agreement within the Atlantic alliance 
to build in common an isotope separa- 
tion plant for military purposes. Mcss- 
mcr implied that U. S. pressure blocked 
the French move. 

Technically, many deputies expressed 
documented doubts that the govern- 
ment's plan really would yield a nu- 
clear strike force that would have valid 
military meaning. In particular, special 
criticism was levied at the use of the 
Mirage IV twin-jet bomber— of which 
a single prototype is now flying— as the 
backbone of the nation's atomic strike 
force until 1970. By then the French 


hope they will hat e developed ballis- 
tic missiles to replace the Mirage air- 
craft. 

The government's SI. 150 billion 
financing program for its nuclear strike 
force breaks down in the following 

• For 50 Dassault Mirage IV twin-jet 
bombers to be operational by 1965— 
S200 million. 

• For research and development of nu- 
clear weapons, including S30 million to 
be spent on an isotope separation plant 
-SS00 million. 

• For development and preproduction 
of ground-to-ground strategic and tac- 
tical ballistic missiles— SI 50 million. 
Tactical missile development will take 
520-50 million, of the total. 

Under present plans. France’s atomic 
strike force would come into being in 

The first stage would be achieved by 

1965. Then. France’s atomic strike 
force would consist of 50 Mirage IV 
! win-jet bombers carrying plutonium- 
tvpe nuclear bombs. 

Hie second stage would come about 
somewhere between 1968-1970. Then 
the French would replace the Mirage 
aircraft with tactical and strategic ballis- 
tic missiles equipped with nuclear war- 
heads using enriched uranium produced 
by the isotope separation plant prov ided 
for under the five-year program. Tin's 
plant is slated to be in operation bv 

1966. 

Much of the Assembly criticism cen- 
tered on the first stage approach. Some 
deputies thought that in the veats 
1965-70— when the Mirage bomber 
very likely will represent French nu- 
clear power— any deterrent based on 
aircraft will be useless. 

Moreover, some criticism was cen- 
tered on the range capabilities of the 


Defense Supplemental 

Washington - Defense Department 
plans to ask Congress for a supplemental 
appropriation in January to cover costs 
of the decision last summer to retain two 



Seventh Fleets. 

Services now arc paying for this from 
regular budgets. The carriers are costing 
an added S500 million a vear. Defense 
still has some S280 million unallocated 
from extra funds voted by Congress, but 

tion and the B-70. It now has appor- 
tioned an extra S8 million from frozen 
funds to anti-submarine warfare research. 


Mirage IV. Mirage builder, Avions 
Dassault, apparently testified that the 
production version of the Mirage IV 
will be capable of carrying its atomic 
load between 1,500 and 2,200 mi. at 
speeds approaching Mach 2.2. These 
figures, according to Assembly debate, 
were challenged. The debate also re- 
vealed that the French are planning to 
use a glider-tvpc atomic bomb which 
will have a glide range of some 220 
mi., thus easing the Mirage IV range 
difficulties. 

Moreover, the debate further re- 
vealed that the government, in com- 
mittee testimony, had admitted that 
France wouldn’t have an important 
stock of plutonium-type bombs before 
1968. Tims some deputies questioned 
the value of having a fleet of 50 Mirage 
IV jet bombers ready by 1965. In sum, 
the public debate "waged in the As- 
sembly seemed to indicate that France 
would not have a valid atomic strike 
force— based on ballistic missiles— be- 
fore 1970. 

News Digest 


First Polaris submarine the George 
Washington, will be at sea and opera- 
tional Nov. 15. The second, the Patrick 
Henry, is scheduled to reach operational 
status before the end of the year. 

Navy will manage a four-year joint 
service program to develop a VTOL 
transport prototype for operational test- 
ing. A design competition will be held, 
based on type specifications written to 
cover requirements of the Navy, Air 
Force and Armv, and the program will 
be funded equally by the three services. 

Discoverer XVI, first attempt to fly 
the Lockheed Agcna B, failed last week 
when the Agcna B failed to separate 
from the Thor booster. Re-entry cap- 
sule weighed 300 lb. Orbital weight 
after fuel exhaustion was to be 2.100 
lb. as against 1,700 lb. for Agcna A. 

Lockheed California Division re- 
ceived a S53 million production con- 
tract last week for the P3V-1 ASW 
patrol aircraft, bringing total produc- 
tion orders to S126,836,691. P3V is 
powered by Allison T56-A10-W 
engines and Hamilton Standard propel- 
lers. 

New “compact” two-place Piper Colt 
sportplanc will be unveiled this week 
at Grand Bahama Island by Piper Air- 
craft Co. during its annual dealer-dis- 
tributor meeting. Tricycle-geared plane 
is powered by a 108 hp. Lycoming 
0-235 engine. Price will be below 
S7.000 and production is planned for 
early in 1961. 
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AIR TRANSPORT 


Hughes Faces Crisis on TWA Financing 


Creditor hanks begin deducting amounts owed on 
notes from airline’s accounts as directors meet. 

By William H. Gregory 

New York— Trans World Airlines' almost-completed S300 million jet financ- 
ing program was stalled again last week and there were indications that the 
long-predicted crisis was finally at hand for Howard Hughes, who owns 78% 
of TWA’s stock. 

Hughes appeared by weekend to have forestalled any immediate drastic 
action by lenders but it was evident that the inexorable, slow increase in 
pressure on Hughes and the airline had not abated. 

TWA’s board of directors went into session Tuesday, met again all day 
Wednesday and began its third day’s session Thursday. Little specific 


emerged from the sessions, but one po: 
balances by creditor banks began the 

This legal step is open to banks which 
hold both note installments due and 
payable and also are cash depositories 
for the debtor, which is usually the 
case since banks frequently require their 
debtors to keep compensatory balances 
with them. In offsetting balances, the 
banks simply deduct amounts owed on 
notes from the debtor’s accounts. 

TWA reported cash on hand of S36 
million to the Civil Aeronautics Board 
in August, the latest month on file, in- 
dicating that this step in itself would 
not be catastrophic for the airline. 
TWA’s August statement showed $5,- 
931,889 in current notes payable, but 
did not indicate whether this was owed 
entirely to banks or to Hughes Tool Co. 

Despite the possible ominous impli- 
cations of offsetting balances, it had the 
saving grace for Hughes in that the 
step appeared to satisfy the banks for 
the moment, giving Hughes and the air- 
line a pause for breath. 

Even so, two other possible problem 
areas existed: 

• Equitable Life Assurance Society had 
$26 million in equipment mortgage 
bonds at the beginning of the year and 
TWA may be technically in’ default 
under certain terms of the loan. Equita- 
ble could take action but is not expected 
to do so as long as hope still existed for 
eventual over-all new financing. 

• Lease payments to Hughes Tool Co. 
for jet aircraft now operated by TWA 
cannot be made without approval of the 
holders of TWA’s funded debt. In lat- 
est available reports to CAB— for the 
year ended June 30— TWA listed rental 
payments of $15 million for jet equip- 
ment under operating expenses. Size 
of the amount indicates the lenders 
have already halted these rental pay- 
ments and that they are being accrued 
for release when the financing is settled. 


int was known— offsetting of TWA bank 
same day the board began its meeting. 


Hughes two weeks ago had agreed in 
principle to accept a plan to place his 
stock in a voting trust consisting of two 
representatives of the lenders and one of 
Hughes Tool as a condition for obtain- 
ing the $300 million (AW Obi. 17, 
p. 41). 

As it turned out, Hughes' acceptance 
was a ves-and-no affair. The following 
week Hughes came back with some 
conditions, an important one being 
that in exchange for the voting trust 
concession he be allowed to buy back 
the debt. Thus if he were able to obtain 
alternate financing in the future, possi- 
bly combined with cash generation from 
TWA or Hughes Tool funds, his loss 
of sole control could become only an 
interlude. 

After some further talks, the night 
of Friday Oet. 21 was set for the final 
signing of the agreement. But Hughes 
was adamant on the pre-payment con- 
dition. On the other hand, some of the 
lenders— reportedly Metropolitan Life 
Insurance Co. in particular — were 
equally opposed. Their attitude was 
that since the program had required 
such long, arduous effort on their pari, 
they wanted the full benefit of the long 
term loans at 6% interest and would 
accept pre-payment only at the price of 
a very high penalty clause. At that point 
agreement stalled again. 

Hughes is known to feel that the 
financial community would not remain 
united with the prospect of such a large 
lending plum at hand. He began con- 
versations last week with a new group 
of investment bankers. Brown Brothers, 
Harriman and Ripley, to seek an alter- 
nate financial plan for TWA. 

His degree of success was not im- 
mediately known and probably would 
not become so because of the great 


complexity of financing of this order. 
The so-called Dillon Plan, named for 
Dillon, Read & Co., which Hughes had 
been at the point of signing, was two 
years in the making. Presumably it is 
still available if Hughes is willing’ to ac- 
cept the terms. 

It was plain to this observer last week 
that the climate in Wall Street had 
changed considerably for Hughes. As 
late as two months ago non-participat- 
ing financial people regarded TWA 
with Hughes in sole control as a basi- 
cally sound credit risk and there was 
doubt Hughes would capitulate to the 
voting trust plan. 

As the Dillon Plan moved through 
what seemed to be interminable back- 
ing and filling, the dwindling interest 
of non-members of the lending group 
became apparent. 

As one said recently: “Sure, we’d like 
to -participate in a TWA program, but 
we’d want to be asked to make a com- 
mitment by the lenders after they had 
the program all signed and sealed with 
Hughes. If it was a case of becoming a 
principal, we feel we would want just 
about the same conditions the present 
group wants.” 

The pressures on Hughes Tool Co., 
which has a TWA order for 30 Convair 
880s in its name, could only be sur- 
mised since Hughes Tool is a privately, 
not publicly held, corporation. Twelve 
880s arc waiting on the ramp at Con- 
vair for delivery to TWA, and some of 
the 17 other aircraft are now in pro- 
duction. 

Of 15 Boeing 707-1 31s it operates, 
TWA now owns two; of 12 Boeing 
707-331 s it owns eight, and it owns the 
one Convair 880 that has been deliv- 
ered. All other jet equipment operated 
is leased from Hughes Tool Co. 

Convair has had to disrupt its pro- 
duction schedules and has had its Con- 
vair 600 program interfered with be- 
cause of the delay. General Dynamics, 
though keeping officially silent, can 
scarcely conceal its impatience to de- 
liver the airplanes and receive the rest 
of the payment due. Convair has suf- 
fered the disadvantage of not having 
the operating experience of a big TWA 
fleet as a possible source of data for its 
sales campaign. 

TWA itself is beginning to feel the 
pinch of the situation over which it has 
no control. United Air Lines has be- 
gun to operate its Boeing 720s and so 
has American Airlines, and TWA is 
finding it tough to compete with them 
with piston-engine equipment in cer- 
tain markets. 
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N. Y. Port Authority Takes Delta 
To Court Over Idlewild Jet Noise 


By Glenn Garrison 

New York— Action by the Port of 
New York Authority last week in seek- 
ing a state court injunction to restrain 
Delta Air Lines from violating the 
agency’s jet noise procedures at Idle- 
wild is expected to bring to a head a 
long-standing conflict concerning the 
authority's power to enforce anti-noise 
requirements at its airports. 

The Port Authority filed a complaint 
in the Supreme Court of the State of 
New York in Queens Comity asking 
an injunction to restrain Delta from 
violating the agency's rules and regula- 
tions. The action should provide an 
important test case of the airport oper- 
ator’s jurisdiction in an area that affects 
actual flight operations. 

Under its original jet noise rules, the 
Port Authority specified certain actual 
procedures the airlines were to follow 
after takeoff, including power settings 
and turns. The rales later were modi- 
fied to require certain results and to 
leave the actual techniques of achieve- 
ing them to the carriers. Tire rules 
also include a preferential runway 

Federal Aviation Agency on Oct. 15 
instituted its own set of noise rules 
at Idlewild, differing in two important 
respects from the Port Authority’s: the 
FAA rules permit night takeoffs on 
some runways the Port Authority rules 
prohibit, and the FAA rules do not 
set maximum noise levels over adjacent 
communities, as the Port Authority rules 
do. The Port Authority has said that 
its rules would remain in effect regard- 
less of this discrepancy. 

Delta, the Port Authority charged. 
“. . . has repeatedly planned and con- 


ducted its jet flights in disregard of 
both the Port Authority prohibition 
against jet departures except over water 
between 10 p.m. and 7 a.in. and the 
limitation of 112 perceived noise 
decibels (PNdb) over the communities 
neighboring the airport." 

Delta, the agency charged, has shown 
a high percentage of violations, partic- 
ularly during night takeoffs and with 
respect to noise levels. At times, the 
Port Authority said. Delta’s jets have 
exceeded 120 PNdb or nearly ■twice the 

Delta last summer scheduled a 
nightly Convair 8S0 coach flight out 
of Idlewild, and this has produced 
“conspicuous" violations, according to 
the Port Authority. Of 30 scheduled 
takeoffs of this flight during September, 
the agency said, 18 or 60% violated 
the rules. 

Port Authority and Delta officials 
met in New York Oct. 14 and, the 
Port Authority said. Delta was informed 
that action would be taken unless the 
violations ceased. Additional night 
violations followed on Oct. 16 and 18, 
the agency charged. 

Delta told Aviation Week that 
If. G. Farnsworth, chief SSO pilot, 
had come up from Atlanta for the 
meeting and that since then it believed 
the situation had improved and that 
pilots were following “the spirit and 
the letter” of the rules. The airline said 
it thought the matter had been settled 
"amicably." 

It came as a surprise, according to 
Delta, when the action was taken and 
that apparently the Port Auhority had 
been preparing its complaint for some 

Since the matter has advanced to the 


point that it has, Delta said, the airline 
wants to go ahead and resolve the issue. 
It expects support from the rest of the 
industry. 

According to some reports. Delta 
pilots have been making takeoffs in the 
880 from Idlewild with fairly flat 
climb-out profiles. The airline said 
that this might have been true to some 
extent before the meeting, but not 
after it. 

Delta also operates the Douglas 
DC-8 from Idlewild, and the Port 
Authority's violation tally includes oper- 
ations with this aircraft. The agency 
said Delta’s September record included 
51 violations out of 140 jet takeoffs, 
or 36.4%. Of 2,847 jet takeoffs by all 
airlines at Idlewild during the same 
month, according to the agency, some 
308 or 10.8% were in violation of the 
rules. 

This over-all September percentage 
compared with 396 violations out of 
1,259 jet takeoffs last January, or 
31.5%, the Port Authority said, 
indicating a steady decline in noise 
violations. 

The Port Authority said Delta’s 
record has worsened over the months 
despite "repeated written and oral 
assurances.” 

National Air Transport Coordination 
Committee, a regional industry organ- 
ization concerned with community re- 
lations and the aircraft noise problem, 
had no comment last week on the Port 
Authority' action against Delta. NATCC 
has previously clashed with the Port 
Authority, once active in the organiza- 
tion but now not associated with it. 
NATCC had its own voluntary rules 
for all aircraft at the New York airports, 
but these were superseded by the FAA 
regulations. The NATCC rules were 
less restrictive than the Port Author- 
ity’s. and NATCC-Port Authority dis- 
agreement broke into the open a couple 
of years ago. At that time, NATCC 
contended that only confusion could 
result from two sets of rules at the field. 

Delta said last week that frequently 
FAA tower clearances and Port Au- 
thority preferential runway require- 
ments conflicted, and that Delta was 
“between the devil and the deep blue 

But the Port Authority charged that 
other aircraft operators have performed 
satisfactory takeoffs under conditions 
substantially similar to those existing at 
the time of violations by Delta. 

The agency’s action increases the un- 
certainty as to when jets will be al- 
lowed into Newark Airport on a sched- 
uled basis. Delta is the only airline that 
so far has officially asked the Port Au- 
thority for permission to schedule jets 
at Newark, and the agency has said that 
the carrier’s performance at Idlewild 
would be a determining factor in 
granting permission at Newark. 


Eastern Seeks New No-Reservation Service 

New York— Expansion of Eastern Air Lines’ no -reservation, lou -fare service to 
Miami was proposed last week as the carrier planned to file a tariff with Civil Aero- 
nautics Board to add Cleveland-Miami and St. Louis-Miami services to the existing 
l’ittsburgh-Miami service (AW Sept. 19, p. 47). 

Eastern on Oct. 14 inaugurated the service from Pittsburgh. Designed to compete 
with surface transportation, the Air-Bus flights, as Eastern designates them, arc 
no-frill, high-density services. 

One-way fare from St. Louis to Miami under the proposal will be $40; from 
Cleveland" to Miami, the proposed fare is $42. Eastern said this is a 29% reduction 
from daytime coach fares on the routes. The Pittsburgh-Miami fare is $40. 

Advance telephone reservations are not required under the plan. Scat confirma- 
tion is made at the time of ticket sale. Purchase of one-way or round-trip tickets 
may be made up to 90 days in advance from Eastern offices in origin cities, or through 
authorized travel agents. No reconfirmation is necessary. No penalty for cancellation 
is imposed if the cancellation is made 24 hr. or less before departure time. The 
proposal calls for forfeiture of the entire ticket price unless it has been turned in 
before that time, but CAB is still studying this facet of the proposal. The forfeiture 
provision lias been in effect in the Pittsburgh-Miami service. 
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Baker Traces History of Capital Troubles 


By L. L. Doty 


Washington— Capital Airlines, about to lose its corporate identity through 
acquisition by United Air Lines, stands out as an economic case history in 
the evolution of the domestic trunkline industry. 

The carrier— the nation’s fifth largest until it became bogged down with 
financial difficulties— has, for all practical purposes, reached the end of its 
33 year career as an individual part of the U. S. transportation system. Only 
CAB approval of the merger, which is expected, is now required to open 
the way for absorption by United and thus eliminate Capital as a corporate 


Capital’s history, its growth and de- 
velopment, will attract the study and 
evaluation of economists and analysts 
searching for the basic reasons behind 
the company's decline and fall. Current 
CAB hearings in the merger case have 
brought much of this background out 
into the open, but most testimony has 
centered around the need for the merger 
rather than the reasons the need devel- 
oped in the first place. 

In an effort to trace the causes and 
events which led to the Vickers receiver- 
ship suit and ultimately to the United 
merger plan, Aviation Week has dis- 
cussed Capital’s problems with Presi- 
dent David H. Baker. 

For more than three years, Baker, as 
president, has been intimately associ- 
ated with Capital's financial dilemma, 
which reached its first climax a little 
over a year after he took office when 
Vickers-Armstrongs urged Capital to “as 
a matter of utmost urgency, take imme- 
diate and active steps to seek an appro- 
priate merger." This advice followed 
default on the Vickers loan in 1958. 

In a detailed analysis of Capital’s 
situation. Baker tried to determine the 
exact causes of Capital’s fiscal plight. 
Here are the major factors which Baker 
found existing in 1957 and which he 
believes blocked the carrier from attain- 
ing financial strength and prevented it 
from being an effective airline competi- 

• The airline failed to divest itself of 
unprofitable routes and seek longer haul 
routes or consider a merger. He said 
these three basic approaches were open 
to management in 1957. He charged 
that management’s relationship with 
the CAB staff, "in my opinion," were 
unsatisfactory', noting that community 
and state relations were being handled 
as a part time job. He added that in 
1957, Capital had no practical plan for 
improving its position and that it was 
not organized to attain or implement a 
plan even if it had one. 

• Capital’s equipment program failed to 
include plans for the retirement of out- 
dated aircraft costly to operate, Baker 
said. He had no direct criticism of the 


Vickers Viscount turboprop transport, 
59 of which Capital had in 1957. as 
an airplane. However, he said it was 
not "well adapted" to Capital’s route 
structure in cargo and seating capacity 
or range. He observed that with a maxi- 
mum range of 1,100 mi., or less than 
half that of any competitive aircraft, it 
had to cancel on the longest and most 
profitable routes in bad weather and. 
at other times, had to land en route for 
refueling. 

• Viscount profit potential on Capital’s 
routes with U. S. tariffs was, and is, less 
than half that of any competitive mod- 
ern equipment. Baker said. He charged 
that the decision to cut the number of 
seats on the Viscount from 48, as origi- 
nally planned at the time of purchase of 
the aircraft, to 44 cost Capital at least 
$9 million in profit potential. He also 
said that the airline industry has been 
able to meet expanding expenses by 
increasing speed and capacity per air- 
plane at a planned rate. With the ac- 
quisition of the Viscount, he pointed 
out. Capital gained temporary speed 
equality, but lost in capacity. Capital's 
eapacitv dropped from 43.'7 scats per 
aircraft in 1955 to 43.6 in 1957 while 
other regional carriers' capacity in- 
creased from 53.2 to 57.8 seats in the 
same period. 

• Baker was especially critical in the 
area of management and said there was 
a lack of “planning, objectives, policies 


Pan Am Freight Service 

Pan American World Airways has en- 
tered into an agreement with Railway Ex- 
press Agency under which the two car- 

freight service on a single-charge basis. 
Through 14 gateway cities, the agrec- 

ture with 20.000 U.S. communities 
served by REA. Granting of statehood 

eligible to join the Air Express Agree- 
ment between REA and 35 U.S. airlines. 
PanAm reported. 


and organization.” He charged that 
there was a “serious clash” between the 
operations and sales departments which 
affected operations and individual rela- 
tionships to a major degree. He added: 
one person, the chairman of the local 
mechanics union, exercised as much in- 
fluence over the operation of the com- 
pany as did any individual in manage- 
ment. He said there was no formal top 
level group to consider and recommend 
policy and no specified organizational 
responsibilities, important function of 
passenger policy was split, he said, and 
there were no wage standards, no per- 
sonnel evaluation system, no annual 
management audit and “the company 
did not even have a suggestion pro- 

• Baker said the airline had a higher 
percentage of organized labor than any 
other airline. Capital paid mechanics 
more than any other airline, but he said 
there was major unrest within the com- 
pany because of labor negotiations with 
the mechanics union, “which was com- 
pletely undisciplined.” 

• Baker said Capital had been living on 
a day-to-day basis financially while other 
carriers were developing long-range 
financial programs. He said that no ef- 
forts had been made for public financ- 
ing, particularly when acquiring the 
Viscounts, and that the carrier's finan- 
cial condition was "inflexible, marginal 
and certainly critical.” He said the air- 
line had 21.5% of all the debt outstand- 
ing among regional carriers in 1957, 
and in that year, its debt was 3.89 times 
its equity, “the poorest in the industry.” 
Fixed interest charges of the company, 
he noted, were equal to 37% of all in- 
terest assumed by all regional carriers. 

• Capital's earnings position was satis- 
factory when its depreciation was below 
industry levels, he said. However, with 
the purchase of the Viscounts, Capi- 
tal’s depreciation increased to 10.9% of 
revenue, compared with an industry 
level of 9.3%. Baker then said that, 
with annual depreciation of $10 mil- 
lion, interest payments and capital ex- 
penditure requirements, Capital, in ef- 
fect, “had agreed to pay (Vickers] S6.9 
million in 1958. $9.2 million in 1959 
and about $1 1 .2 million in 1960 in ex- 
cess of the depreciation cash throw-off 
after provisions for capital expenditure 
and interest plus whatever permanent 
increase in working capital requirements 
accompanied the growth in operating 
expenses and revenues.” 

Baker has concluded that manv of 
Capital's current difficulties stem from 
the failure of Capital’s management in 
the late 1930s and early 1940s “to visu- 
alize the future development of air 
transportation from DC-3 operations 
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duplicating the Pennsylvania Railroad 
in the air to the entirely different opera- 
tion experienced in 1950 and 1960.” 

Baker began explorations of merger 
possibilities in December. 1958, when, 
at a Board of Directors meeting, a spe- 
cial committee was established for the 
purpose of studying merger potential. 
The committee consisted of five board 
members, including Baker. 

During the ensuing period, formal 
economic studies of merger possibilities 
with eight airlines or combinations of 
airlines were made, and direct ap- 
proaches with other carriers began. In 
all, informal discussions of possible 
mergers were held with TWA, Eastern. 
Braniff, Delta, Northwest, and North- 
east. United was the last carrier to be 
contacted. 

As part of his effort to correct the 
difficulties in Capital’s operations. Baker 
developed a financial program designed 
to provide long-term financing for new 
turbine equipment and to stretch out 
the Vickers debt from 1961 to 1970 at 
an average interest rate of 4 {% instead 
of 61%. 

A meeting was held with Vickers in 
England on Apr. 28, 1959, to consider 
the feasibility of launching the new 
financing program at the same time the 
merger studies were being conducted. 
Since it was apparent that the proposed 
program lay within the realm of possi- 
bility, Capital put first priority on the 
equipment-finance project, and contacts 
for mergers were placed second in order 
of importance. 

The over-all plan called for retire- 
ment of nine DC-3s and three L-049s 
in 1959, with full retirement of three 
remaining L-049s by July 1960. A full 
fleet of 11 DC-6Bs. which were leased 
in 1959 for 18 months at $12,500 each 
per month, was slated to replace the old 
aircraft. Balance of DC-3s were to be 
retired when small stations were released 
from Capital's routes structure by the 
CAB. Purchase of Convair 880 turbo- 
jet transports and Lockheed turboprop 
Electras was included in the program. 

To increase capacity, seats in the 
Viscounts were increased from 44 to 
46 by eliminating one lavatory, and 
further plans were made to increase the 
number to 50— the equivalent of adding 
eight Viscounts to the fleet from a scat- 
mile capacity standpoint, according to 
Baker. 

Meanwhile, Baker established a 
department to coordinate route matters, 
bids were made for route extensions to 
San Antonio, Houston, Dallas and 
Toronto and a firm plan was developed 
to obtain authority to withdraw from 
13 small stations. The carrier was 
granted a Great Lakes-Florida route in 
1958 and a Minneapolis-Chicago route 
in 1959. 

Six new management members were 
brought into the company by Baker in 
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a reorganization move. An organization 
manual was published and an executive 
management council of the top six 
officers was created to consider major 
policies and decisions. All matters 
affecting expenses were controlled by a 
budget committee created with six 
officer members. A corporate affairs 
department and marketing and planning 
departments were established. 

A management analysis unit was 
formed to evaluate companv perform- 
ance and the development of an organi- 
zation and plan for all maintenance 
functions and facilities was provided 
for by retaining Wallace and Clark 
Consultants. 

Baker made several moves to increase 
revenue, including an increase in Vis- 
count utilization from 8:1 1 hr. in 1957 
to 9:03 hr. in 1959. According to 
Baker, Capital's load factor in 1959 
was second highest of all regional car- 
riers compared with fifth place in 1957. 
and its load factor of 58.4% in 1959 
compared with a regional average of 
55.3%. He added that, despite this 
performance, Capital's revenues in- 
creased from $94.1 million in 1957 to 
only $108.5 million in 1959. He gave 
this reason for the relatively slight rise: 

“Capital's inability to add scat miles 
in carefully planned increments as our 
competitors nad was the basic reason 
why over-all revenues did not go up as 
rapidly as other carriers even though 
acceptable criteria, such as load factor, 
showed outstanding results." 

Baker's move to nalt a steadily rising 
expense level included a 1 3% personnel 
cutback in July, 195S. In 1959, the 
airline was able to cut over-all expenses 
by 3.6%, and budgeting and expense 
control techniques were introduced into 
the carrier's operation, Baker said. 

During the first quarter of 1960, 
Capital suffered severe financial reverses 
which, when coupled with the drop in 
all airline stocks, made implementation 
of the carrier’s financial program im- 
possible. According to Baker, it then be- 
came highly evident that the only so- 
lution to Capital's problems rested in a 
merger with a strong airline. According 
to Baker, Vickers apparently came to 
the same conclusion and announced its 
foreclosure action on Apr. 12, 1960 
(AW Apr. 18, p. 38). 

In May, W. A. Patterson, president 
of United, was contacted and merger 
discussions began. Meanwhile, a pro- 
gram was presented to Vickers-Arm- 
strongs outlining a program involving a 
merger as a means of settling Capital's 
indebtedness to the manufacturer. The 
program also called for a change in the 
organization of the board of directors 
of Capital, including the election of 
Thomas D. Neelands as chairman of 
the board, and changes in the manage- 
ment structure. 

Various attempts were made during 


talks with Vickers to defer the fore- 
closure action pending the merger in- 
vestigation. Baker held, in a letter to 
Vickers, that satisfactory negotiation 
would be possible only if all obstacles, 
such as the foreclosure suit, were re- 
moved until an agreement was reached. 

Baker also felt at the time that cash 
payments to Vickers in excess of in- 
terest charges would be available. Ex- 
pense reductions coupled with a fare 
increase gave some promise of addi- 
tional funds, and the sale of aircraft 
provided additional opportunities to 
make such cash payments, he said. 

He suggested that continued opera- 
tion of the Viscount fleet, combined 
with a settlement of equipment notes 
at the time a merger would be con- 
summated, was the best way of settling 
noteholders’ interest. At the same time, 
he proposed that partial payment 
toward principal could be made fey the 
sale at book value or better of a reason- 
able number of Viscounts. Reduced 
capacity, he said, could be replaced by 
short-term leasing of aircraft pending 
a merger. He added that such a gradual 
sale of aircraft would help the carrier 
to escape the disadvantages of a dis- 
tress sale of the entire fleet, provide 
an orderly replacement of equipment 
and avoid “the spectacle of an airline 
without aircraft to sendee its authorized 

Vickers agreed to several postpone- 
ments of its foreclosure action while 
discussions were under way with 
United, and the merger plan concluded 
late in July (AW Aug. 8, p. 40). Vick- 
ers has supported the merger plan but 
has warned the CAB that if the merger 
is not approved, the British company 
will proceed with its foreclosure effort. 

Supplemental Airlines 
Win Court Approval 

Washington-Supplemental airlines 
won a major legal victory last week 
when the Supreme Court overruled an 
appeals court decision which challenged 
the authority of the Civil Aeronautics 
Board to certificate them. 

Directing the U. S. Court of Appeals 
to vacate a judgment issued against a 
CAB decision in the Large Irregular 
Case, the Supreme Court further or- 
dered the appeals court to retain juris- 
diction over the case until further leg- 
islative action or until the expiration of 
a law signed by President Eisenhower 
last July to extend the airlines’ authority 
for a 20 month period. 

In another action, Delta Air Lines 
was denied review of a court of appeals 
decision which upheld a CAB order di- 
recting the airline to pay back more 
than $1,795,000 in subsidy formerly 
paid Chicago and Southern Airways, 
which was absorbed by Delta in 1953. 

AVIATION WEEK, October 31, 1960 


State Regulation Threat Worries Airlines 


By Robert H. Cook 

Washington— Current legal battles 
between Bonanza and Frontier Airlines 
and the states of Nevada and Nebraska 
are being followed with concern by 
many airlines, which fear that judicial 
support of these states' regulatory 
moves could encourage other states to 
enforce a complex of intrastate airline 
regulations which have lain dormant 
for many years. 

Revolving around the issue of states’ 
rights versus federal regulation, the 
two eases are regarded as a direct 
challenge to the Civil Aeronautics 
Board's powers in permitting local 
service and trunk airlines to abandon 
or suspend intrastate service over the 
objections of state aeronautical or 
public utility commissions. 

While the eases in Nevada and 
Nebraska are concerned only with 
service, similar legal questions of state 
authority opposed to CAB authority 
exist in other states on issues of airline 
certification and fares. 

CAB Hasn't Intervened 

So far, the CAB has not intervened 
in these court cases, but the Board 
could later be forced to do so if the 
state courts uphold Nevada and 
Nebraska, which ordered the two local 
service carriers to continue service after 
tiles’ were permitted to abandon it bv 
the CAB. 

Caught between state and federal 
orders. Bonanza and Frontier are faced 
with heavy fines and penalties from the 
states if they drop the service and prob- 
able federal subsidy loss if they retain it. 

Pointing out that CAB has been 
attempting to curb its rising subsidy 
bill by such measures as the “use it or 
lose it” formula under which the two 
airlines were permitted to drop the 
disputed service, CAB says it may be 
forced to firmly establish" its authority 
on these and other similar issues 
through a scries of lengthy court pro- 
ceedings or by seeking an amendment 
to the Federal Aviation Act. 

While these problems are being 
faced in only a few states now, their 
scope could be expanded considerably 
since 37 states have constitutional or 
statutory control over varying phases 
of air transport within their borders. 
Although a majority of these states 
have not attempted to apply these 
powers, 22 have some form of control 
oxer airline rates, 16 can require local 
airlines and trunklines to obtain 
approval for any intrastate operations 
and 18 have regulations requiring the 
filing and approval of all tariffs before 


their implementation within the state. 

Although the possibility may seem 
remote at this time, there is also a 
danger that any state legal victory 
might lead to a revival of interest in 
railroad-sponsored legislation which 
would give states broad powers over 
airline operations through existing 
state railroad or utilities commissions. 
Such legislation was introduced 1 5 years 
ago in 22 state legislatures, but it was 
enacted only by Alabama. Arkansas and 
Vermont in a" diluted form. 

What Bill Requires 

Prepared by the National Assn, of 
Railroad and Utilities Commissioners, 
the bill would require interstate carriers 
to secure certificates from the state 
for intrastate operations-, would subject 
the carrier’s intrastate rates to local 
controls and its interstate rates to state 
investigation, with the airline held sub- 
ject to suit for reparations by the state 
commission would require tariff filings 
and could force the carrier to extend 
its routes within the state or halt the 
severance of existing services. 

With the Bonanza and Frontier 
cases, plus growing problems in Cali- 
fornia, Illinois and elsewhere, airlines 
already arc facing in a piecemeal fashion 
the major disadvantages which the 
NARUC legislation would have created. 
Carriers may have to take positive 

might make to increase their present 
control over interstate operations. As 
an example, airline attorneys point to 
California, which for years has imposed 
rigid tariff filing rules on the airlines and 
is now considering legislation to expand 
its powers to require state certification 
of interstate carriers serving any intra- 

Immediate Threat 

In the more immediate future, many 
airline observers view the use of state 
powers as a possible threat to CAB's 
efforts to aid carriers in dropping poor 
revenue-producing points and to the 
Board's expected use of a class mail 
rate plan which determines subsidy 
payments on specific routes with a 
sliding scale based on schedule fre- 
quencies. 

In the case of Bonanza, the airline 
was certificated by the State of Nevada 
as an intrastate airline in 1946 over a 
Reno-Las Vegas route which later 
included the cities of Hawthorne and 
Tonopah. Several years later, the airline 
was granted a certificate for interstate 
operation by the CAB and last year 
notified the Public Service Commission 
of Nevada that it intended to drop 


service to Hawthorne and Tonopah on 
the basis of CAB approxal, xvhich the 
airline maintained has precedence oxer 
state authority. 

The Nevada commission ordered the 
service reinstated in October, 1959. The 
airline obtained a temporary injunction 
against this order but lost its request 
for a declaratory judgment and perm- 
anent injunction xvhen a majority 
decision of a three-judge court ruled 
that the case did not come under 
federal jurisdiction. In a dissenting 
opinion, the third judge held that the 
case should have been heard on grounds 
that reinstating the service would be 
costly to Bonanza and that merits of 
the case raised a question of the legality 
under federal laxx’ of demands made by 
the State of Nevada. 

The case later was filed in Nevada’s 
2nd Judicial District Court, and xvas 
heard in September on a different set 
of facts, since the airline’s original 
action xvas based upon a CAB exemp- 
tion order. A subsequent Board order, 
issued last July, deleted the txvo cities 
from the airline’s routes. No decision 
had been reached by the court late last 
xveek. 

Frontier Cose 

While Bonanza's case has involved 
only txvo points xvithin the state. 
Frontier Airlines faces a similar prob- 
lem with txx’o xx’hole route segments in 
Nebraska. On the basis that its Segment 
1 3, saving the cities of Chadron, 
Valentine. Ainsxx’orth, Norfolk and 
Columbus, xx-,is producing only 3.8 
passengers a day on an annual subsidy 
need of more than $240,000, Frontier 
xvas authorized by the CAB Aug. 9 to 

Ten days later, the Nebraska Railxvay 
Commission passed a new regulation 
requiring its approval before airlines 
may drop or curtail any sendee to intra- 
state points. On the strength of this 
regulation, the commission also obtained 
a temporary injunction from a state 
court forcing Frontier to continue 
serving the segment. At the same time, 
the Nebraska Aeronautics Commission, 
overruled in the route case by the CAB, 
asked for review of the Board suspen- 
sion order by the Court of Appeals in 
St. Louis, Mo. 

Last week. Frontier moved to block 
repetition of this state action by asking 
the U. S. District Court in Lincoln 
for an injunction to bar the state from 
preventing a reduction of Frontier’s 
service to Sidney, Imperial, McCook 
and Kearney on Segment 1 1 . 

On the question of whether CAB 
would continue subsidy payments for a 
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roule which it had ordered deleted, 
Nebraska told the St. Louis court that 
it thought the Board would continue 
them, a point which many carriers re- 
gard as an optimistic conjecture. They 
point to CAB's concern over the 
mounting subsidy costs and to a recent 
Board order giving Southern Airways 
several Tennessee points formerly on 
the routes of Southeast Airlines. In the 
order, the Board implied that if the 
state had been willing to assume South- 
casts's subsidy costs, the points might 
have been left on the intrastate air- 
line’s system. 

Although the Bonanza and Frontier 
cases are now the focus of industry 
attention, airline problems with state 
regulatory bodies in the past have 
caused heavy financial losses to several 
interstate carriers in the field of tariff 

California, which requires tariff fil- 


ings for all intrastate operations and ap- 
proval by the Public Utilities Commis- 
sion before they may be placed into 
effect, is cited most often as a case in 
point because of its Los Angelcs-San 
Francisco intrastate traffic. 

Although the recent general passen- 
ger fare increase of 2.5% plus SI be- 
came effective in July and was filed 
with the California PUC under tariffs 
of Western, United and Trans World 
Airlines, the carriers have not yet been 
permitted to charge the higher fare over 
the intrastate route pending a decision 
from the commission, which held hear- 
ings on the increase last month. West- 
ern estimates its lost revenues on the 
route at nearly S170.000 so far, while 
TWA sets this figure at about $40,000 
and United, with the heaviest sched- 
ules, estimates the loss to date at $500,- 
000. 

This same problem can work in re- 


verse, as indicated by the experience of 
Western when it applied a higher coach 
fare, with CAB approval, nine years ago 
on the Los Angelcs-San Francisco route 
without prior approval of the PUC. 
Final approval of the fare by the com- 
mission, more than two months later, 
also carried an order that Western re- 
bate $1-75 for each ticket sold for in- 
trastate travel over the route in the 
period preceding PUC approval. 

While the over-all problem of state 
regulation is not presently widespread, 

tions. American Airlines, for example, 
which holds an intrastate certificate 
from the State of Illinois, is awaiting 
action bv the Illinois Commerce Com- 
mission on a position to abandon serv- 
ice at Peoria and Springfield. The com- 
mission heard American's request last 
month, but has not yet announced a 
decision. 


CAB Reports to Congress on Electra Crash 


Washington— No evidence of a struc- 
tural failure that would have caused the 
crash of an Eastern Air Lines Lockheed 
Electra in Boston harbor Oct. 4 has 
been found, the Civil Aeronautics Board 
said in a progress report to Congress. 

CAB did report, however, that there 
is evidence of a “foreign object strike” 
on the No. 1 engine air scoop prior to 
impact, and this engine appeared to 
have been shut down and its propeller 
feathered before impact. There also was 
evidence of starling feathers in the air 
scoop and oil cooler of engines No. 2 
and 4 and foreign matter in engines 
No. 1, 3 and 4, but no indication of 
mechanical difficulty or malfunctioning 
has been found in' engines No. 2, 3 

The accident investigation progress 
report was sent to Sen. A. S. Mike 
Monronev (D.-Okla.), chairman of the 
Senate Commerce Aviation Subcom- 
mittee, and Rep. John Bell Williams 
(D.-Miss.), chairman of the House 
Commerce Subcommittee on Transpor- 
tation and Aeronautics, by CAB Chair- 
man Whitney Gillilland. The House 
group plans to investigate the whole 
Electra situation after the election. 

The report appears to support Federal 
Aviation Agency Administrator E. R. 
Qucsada's statement that there was no 
evidence of a structural failure involved 
in the accident (AW Oct. 10, p. 37), 
which was the fifth in less than two 
years of service for the plane. But it is 
not conclusive regarding his contention 
that the accident might have been 
caused by flying into a flock of Star- 


Chairman Gillilland warned that the 


information in the report is of a pre- 
liminary nature and could be changed 
by further investigation and evaluation. 
He said the Board is pressing its field 
investigation so that a public hearing 
can be held as soon as possible. Seven 
teams, each highly specialized in certain 
technical fields, are being used in the 
investigation under direct supervision of 
the CAB. 

Approximately 95% of the aircraft 
structure and all four engines and pro- 
pellers have been recovered, the report 
said. In addition, about 95% of the 
flight and engine instruments, 90% of 
the hydraulic power section equipment, 
S0% of the fuel valves, 95% of the 
radio equipment and 50% of the air 
conditioning and pressurization equip- 
ment have been recovered. All flight 
control boost packages have been re- 
covered. Dragging operations are bring- 
ing up additional small parts and an 
almost complete recovery is hoped for, 
the report said. 

"The Structures Croup has indicated 
that all three landing gear were in the 
full retracted position,” the report said. 
"Both wing flaps were at the takeoff 
setting. It has also been determined 
that the aircraft struck the water ver- 
tically slightly left wing first and while 
rotating to the left. The Nos. 1 and 2 
engines broke up and over the left wing 
and the Nos. 3 and 4 broke down and 
under the right wing." 

All flight control surfaces were re- 
covered and nothing abnormal was 
found in the control cables, push-pull 
rods, or linkage from the surface to the 
boost packages, the report said. All 
damage was found to be the result of 
impact forces. 

The left aileron was in the neutral 


position at the time of left wing impact, 
according to the report. The right 
aileron was displaced downward one- 
third of its travel by the time the right 
wing struck. The elevator and rudder 
surfaces were undamaged prior to sal- 
vage but their positions at impact were 
undeterminable. 

"There was no evidence of any struc- 
tural failure prior to impact with the 
water," the report said. “There is evi- 
dence of a foreign object strike on the 
air scoop for the No. 1 engine. It con- 
sists of a dent about onc-half inch deep, 
four inches wide and seven inches long. 
A prop cut on the air scoop passes di- 
rectly through this dent but did not 
touch the bottom of the crater. It is 
thus evident that the dent was in the 
air scoop prior to the prop cut which 
occurred at impact. The dent con- 
tains no metal scrapes and appears to 
have been made by a non-metallic 
object. The work of the Structures 
Group is being continued with docu- 
mentation of all damage and photo- 
graphing of all pertinent parts." 

All four powerplants have been 
shipped to the Allison Division of Gen- 
eral Motors Corp. at Indianapolis, Ind., 
and have been torn down and examined, 
CAB said. 

"All gear pieces appeared normal and 
all damage noted appeared to be the 
result of impact forces,” the Board said. 
"The No. 1 engine appeared to have 
been shut down before impact and its 
propeller feathered. The fuel control 
was electrically closed, and the No. 1 
'panic' handle had been actuated in the 
cockpit. Tire Nos. 2, 3, and 4 engines 
indicated rotational damage to the com- 
pressor sections which occurred at im- 
pact. The Nos. 2, 3, and 4 propellers 
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were at blade angles of 38 to 39 deg. 
of pitch at impact, indicating that all 
three engines were developing consider- 
able power." 

The CAB said inspection of the No. 
1 engine indicated that it had been 
subjected to extreme over-temperature 
conditions resulting in severe deforma- 
tion and damage to that engine’s com- 
bustion section prior to shutdown. The 
feathers or pieces of feathers found in 
the air scoop and oil cooler of engines 
1 and 4 have been identified as starling 
feathers. 

"A number of samples of foreign 
matter have been removed from the 
compressor section, the bleed air 
valves, fuel nozzles, diffuser section, 
burner cans, and turbine section of the 
No. 1 engine," the report said. “The 
material removed consisted of metal, 
carbon, marine life, feathers, tissue, and 
fibers. 

"Although all of this material has 
not been completely identified,” the 
report said, "some of the feather frag- 
ments have been identified as starling 
remains. The tissue and fibers are be- 
ing further investigated bv the labo- 
ratory of the FBI and Smithsonian 
Institute.” 

The report said similar foreign mat- 
ter has also been removed from the 
Nos. 2 and 4 engines and is being 
analyzed, but that no foreign matter 
was found in the No. 3 engine. How- 
ever, feathers were found in the gen- 
erators of Nos. 1, 3 and 4 engines. Tire 
No. 2 engine generator had not yet 
been disassembled. 

The generators were engine-driven 
and were cooled by ram air tapped 
from the engine oil ' cooler scoops and 
directed into the generators by four- 
inch-diameter flexible ducts. 

Hydraulic boost packages and other 
aircraft systems components have been 
taken to Miami, Fla. Flight and engine 
instruments will be examined in an 
attempt to determine impact readings, 
and boost packages will be examined 
for malfunctioning prior to impact. 

The CAB said more than 250 per- 


Wrong Airport 

London-Pan American Boeing 707- 
320 flight from Frankfurt to London 
landed by mistake at Northholt Airport, 
several miles south of London, instead 
of the regular London Airport under 
weather conditions that reportedly were 
favorable. 

The pilot, Capt. Warren Bc3ll, said 
the error was due to a close similarity in 

both airports. His license was revali- 
gation by the airline, and no disciplinary 


sons who were in the vicinity when the 
accident occurred have been inter- 
viewed and have furnished these de- 
tails: 

“A takeoff was commenced at ap- 
proximately 5:39 p.m. with liftoff 
occurring approximately 2,500 ft. from 
the threshold of Runway 9 which is 
approximately 7,000 ft. long. Tire air- 
craft lifted off in a level attitude and 
reached an altitude of approximated 
30 to 40 ft. It continued at this alti- 
tude and in this attitude for several 
hundred feet, at which time the aircraft 
rotated to a normal climb attitude and 
began to climb. 

“Some ground witnesses." the report 
said, "indicated that at this point they 
observed a puff of smoke from the No. 
1 engine, while other witnesses saw a 


Douglas Aircraft Corp. drew near the 
$300 million mark last week in total 
DC-8 jet transport charges against earn- 
ings when expected declines in develop- 
ment and production costs failed to 
materialize in the third quarter, forcing 
an additional S30.519.000 writeoff. 

For the nine months ended Aug. 31. 
Douglas wrote off current and future 
development charges of S27, 210.000 on 
the DC-8 program and production 
losses (excess of cost to build over sales 
price) of $28,347,000. This brings the 
total program charges to S292 million. 

Financial sources in New York were 
surprised at the new write-off in the 
third quarter, especially the S14.81R.- 
000 inventory write-down on airplanes 
delivered in the third quarter and fu- 
ture write-down on airplanes to he de- 
livered. 

Douglas, which writes down inven- 
tory losses against an initial group of 
individual airplanes (AW Mav 2. p. 
177). had already delivered some 
"profit" airplanes. 

In a letter to stockholders. Douglas 
explained that problems in developing 
18 different airframe engine combina- 
tions to meet competitive demands to 
win customers have been aggravated 
by engine delivery delays by Pratt &• 
Whitney Aircraft and Rolls-Rovce. “An 
unavoidable consequence of these de- 
lays." the letter said, "is disruption of 
production sequence, so that while cer- 
tain aircraft already delivered have 
shown profit in terms of their manu- 
facturing costs, a few among those re- 
maining to be completed will not." 

Sales of the DC-8 continue to be 
slow, the letter added. Negotiation is 
under way for reorders, which would 
improve prospects for future profits if 
they materialize. So would a military 


ball of fire from the No. 2 engine. The 
aircraft then executed a flat left turn 
to a heading of 045 deg. 

“After assuming this heading," the 
report said, “the aircraft appeared to 
settle approximately half of the height 
it obtained to approximately 135 ft. 
while still in the climb attitude. At 
this point the nose came up and the 
left wing dropped to near vertical as 
in the entry to a wingover. 

“During this portion of the maneu- 
ver." the CAB said, “the aircraft 
climbed to an altitude of approximated 
350 ft. where the nose fell through 
rapidly to a near vertical position with 
the aircraft still rotating to the left. 
The aircraft crashed into the water 
slightly left wing first on a south-south- 
westerly heading.” 


order for the DC-8, for which Douglas 
has been pressing a strong effort. 
Douglas' financial statement is: 



This third-quarter charge against 
earnings should make possible a return 
to profitable operation in the fourth 
quarter and in 1961. the report said. 

Douglas plans to sharpen the DC-8 
wing leading edge and extend the en- 
tire wing chord 4% (AW Oct. 24. p. 
41) and this may account for the fu- 
ture R&-D costs written off in the third 
quarter. 

"The DC-S represents perhaps the 
largest investment ever made in a single 
project by one company, without bene- 
fit of any government assistance," the 
letter said. “Its development and man- 
ufacturing costs dwarf those of previous 
transports, and it has faced a competi- 
tive situation of unprecedented harsh- 
ness." Douglas reported continuing or- 
ders for cargo conversion of DC-7 air- 
craft. which now total about 40 and arc 
valued at approximately $15 million. 
Douglas expects an equal amount of 
such business in the future. 

One compensation for Douglas, and 
for other commercial jet transport build- 
ers who have taken similar recent 
charges, are tax refunds from prior years 
that add to cash balances. Douglas esti- 
mates a $23,360,000 adjustment due 
for the nine months of 1960. 

Douglas net assets after deduction 
of the nine-month loss stood at 5116,- 
856.312 giving Douglas capital stock a 
book value of $31 a share. Current 
price of the stock is $27 a share. 


DC-8 Charges Against Earnings 
Approach $300 Million Level 
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POWER TO FLY. .. POWER TO PROTECT. .. by Pratt &. Whitney Aircraft. Today the Strategic 
Air Command’s Boeing B-52 bomber has a new profile. Inboard from its J-57 turbojets, two more Pratt & Whitney Aircraft 
jet engines have been added. ..a pair of J-52s. These engines power the North American Hound Dog guided missile, 
designed to deliver a nuclear warhead behind enemy lines at supersonic speed. And for faster take-off, the 
<T power of the twin Hound Dogs augments the thrust of the B-52's eight J-57s. Aloft, both the bomber and 
ts Hound Dogs can be refueled from aerial tankers. The application of the J-52 jet engine to the Hound Dog 
s another example of Pratt &. Whitney Aircraft's expanded activities in new fields of power. 
Pratt & Whitney Aircraft East Hartford, Connecticut/A Divlson of United Aircraft Corporation 


BAC Pins Production Hopes on VC. 10 


Wcybridgc, England— Britisli Aircraft 
Corp. is pinning its chief hopes for 
continued aircraft production through 
1965 on a family of five second genera- 
tion jet transports based on the stand- 
ard VC.10 design now being built 
for British Overseas Airways Corp. 

First of the new transports is sched- 
uled to fly next year and to start coming 
oil the production line in 1963. Sir 
George Edwards, executive director- 
aircraft of BAC, told Aviation Week 
that production is scheduled to coincide 
with the anticipated next round of 
major equipment purchases by airlines. 

This is the way BAC is planning 
production of the VC.10 series at the 
Vickers-Amistrongs plant here: 

• Mockup of standard VC.10 has been 
completed and fuselage and wing sec- 
tions are now on the assembly line. 
British Overseas Airways Corp. has 
ordered 35 of this model. A long- 
range aircraft capable of operating over 
stage lengths of 2,000 naut. mi. from 
runways as short as 7,000 ft., the 
VC.10 is designed for BOAC Far East 
routes where airports are in hot climates 
or at high altitudes, or are limited in 
runway length. It will carry a 

38.000 lb. payload, for example, on 
the 4,050 mi. Singapore-Sydney route 
where takeoffs from 8,000 ft. runways 
are required. Aircraft will be powered 
by four Rolls-Royce Conway RCo. 
4 2/2 bypass engines of 20,250 lb. 
thrust each, now in the development 
stage. Engines will be rear-mounted 
on the fuselage. 

• Super VC.10 is a stretched version of 
the VC. 10 and is designed for gateway- 
to-gateway operations over high density 
routes such as the North Atlantic for 
BOAC, which has ordered 10 of the 
aircraft. Fuselage has been extended 
28 ft.— 20 ft. of it forward of the wing. 
Capacity is scaled to 212 economy class 
passengers (AW Aug. 29, p. 47). 

Powerplants will be the Rolls-Royce 
RCo, 42/2s. Maximum payload will 
be 58,000 lb., maximum takeoff weight 

347.000 lb. and maximum fuel capacity 
will be 150.000 lb. Super VC.10 
will be 186 ft. long. 

• BAC now plans to make a bid for 
the U. S. market with a still larger 
model of the VC.10 which engineers 
here call the "super-super VC.10.” 
Sir George Edwards said the airplane is 
still on paper but is being designed to 
operate over ranges of 4,700 mi, so it 
can sene nonstop schedules between 
mid-continent points in the U. S. and 
mid-continent points in Europe. 
Fuselage will be increased 9 ft. 8 in. 
in length. It will accommodate 222 
passengers and will have a payload of 

53.000 lb. and a maximum takeoff 


weight of 360,000 lb. The airplane 
will be powered by four Rolls-Royce 
Conway Stage 7 bypass engines provid- 
ing 24,000 lb. sea level static thrust 
each, also in the developmental stage. 
Fuel capacity will be 24,000 gal. with 
the addition of wing tip tanks. Pan 
American World Airways is reportedly 
showing considerable interest in the air- 
plane. 

• Chances are now strong that BAC 
will launch its VC. 11 transport, a 
scaled-down version of the VC.10 
designed for intercity, medium-range 
routes. Trans-Canada "Air Lines and at 
least one U. S. carrier have indicated 
an interest in ordering the aircraft if 
it goes into production. Although these 
orders would not be sufficient to pro- 
vide a breakeven factor for the manu- 
facturer, they may be considered 
adequate to justify the economic risk 
involved. The VC.ll will be powered 
by four Rolls-Royce RB. 163 bypass 
engines of 11,000 lb. thrust each. It 
will have a maximum payload of 28,500 
lb. over a maximum range of 1,700 
naut. mi. Capacity will range from 84 
to 138 passengers, depending on con- 
figuration. Design will be exactly the 
same as the VC.10 models. 

• Fifth model of the VC.10 family 
is the proposed all-cargo, swing-nose 
version of either all-cargo or super 
VC.10. Project design work on the 
airplane has been completed. Both 
aircraft will be powered by Rolls-Royce 
42/3 Conway bypass engines develop- 
ing 22,500 lb. takeoff thrust each. Th? 
VC.10 freighter will have a maximum 
design payload of 90,000 lb. which can 
be carried over a 2,850 naut. mi. range 
with two hours of reserve fuel. The 
super VC.10 will have a maximum 
design payload of 98,250 lb., which can 
be carried over a range of 2,150 naut. 
mi. with a two-hour fuel reserve. Using 
Air Transport Assn, cost methods, the 
VC.10 and super VC.10 freighters 
will have minimum operating costs of 
4.5 and 4.7 cents per ton mile respec- 
tively. Nose is opened and closed by 
a hydraulic jack remotely controlled 
from the flight deck. Nose is swung 
on two hinges mounted on the star- 
board side of the plane, the lower hinge 
carrying the thrust load and the top 
hinge the radial loads. 

Production Plans 

Supplementing the VC.10 series in 
production plans during the next five 
years is the BAC 107— a two-engine 
jet transport designed as a replacement 
for the Viscount and the Convair 440 
(AW Oct. 3, p. 45). Sir George said 
that sales potential of the aircraft lies 
in its low operating costs because of the 


relatively low expense of two power- 
plants versus three or four engines. 
The BAC 107 will be powered by two 
aft-mounted Bristol Siddeley BS-75 
ducted fan engines. 

Sir George was pessimistic over 
additional sales of the Vickers Van- 
guard turboprop transport, which is 
slated for delivery to Trans-Canada Air 
Lines in December. He said the air- 
plane was designed to permit operations 
at low fares, but because delivery of 
the Vanguards was delayed beyond 
the summer months of 1960 as a result 
of turbine trouble in the Rolls-Royce 
Tyne turboprop engine, the airplane 
has never had a chance to prove itself 
in scheduled operations at low fares 
(AW Oct. 10, p. 52). The Vanguard 
currently is in production at the Vick- 
crs-Armstrongs plant here. 

Vickers, now part of the BAC group, 
is also still producing the Vickers 
Viscount 810. Sir George said that he 
expected an “unspectacular dribble” 
in sales of the aircraft in the foreseeable 
future and prophesized that operators 
will find little difficulty in disposing of 
Viscounts in the used aircraft markets 
as new re-equipment programs are 
launched. 

Lead Claimed for VC.10 

Sir George feels that the VC.10 
series, when available for delivery, will 
be more advanced in design and per- 
formance characteristics than any other 
long-range transport available in 1963 
and 1964 because of lead time BAC 
has gained by moving second generation 
aircraft into production now. He added 
that during the next five years, pro- 
gressive modifications will be made on 
the scries so that by 1965, the VC.10 
may be a completely new airplane com- 
pared with its present design. 

A strong advocate of the rear- 
mounted engine principle. Sir George 
claims that there are many advanta- 
geous byproducts of the design in 
addition to such aerodynamic benefits 
as creating better high Mach character- 
istics as a result of a clean wing and 
allowing use of full span leading edge 
high-lift devices or uninterrupted trail- 
ing edge for high lift at comparatively 
slow speeds. 

He referred to such "byproducts” 
as reduced cabin noise, no ground-pod 
clearance problems, better ditching 
characteristics and basically wide center 
of gravity range permitting easier load 
planning. Sir George voiced dissatis- 
faction with three-engine aircraft on 
grounds that such a design is too costly 
for medium-range aircraft in scheduled 
operations and lacks sufficient power 
for long-range operations. 
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makes 150-ton jets feel right at home! 



A 12-inch overlay of concrete 
provides needed strength to 
handle the heaviest jet wheel 
loads ever expected. 

Concrete is the only true jet-age 
pavement. On runways built spe- 
cifically for jets, concrete has been 
the overwhelming choice. 



smoothing overlay. It’s the one 
pavement with beam strength that 
enables engineers to compute loads 
mathematically, design airport run- 
ways for an expected life of 50 
years and longer! 

And hot jet blasts can’t melt con- 
crete or chew it up. Spilled fuels do 
no damage, either. Light-colored 
concrete with its natural grainy sur- 
face is the high safety pavement, 
too. You get better visibility at 






FACILITIES expansion at Tulsa Municipal Airport Includes (1) new taxiway (2) American Airlines overhaul hase (3) high speed jet turn- 
offs (4) Douglas Aircraft plant and (5) instrument landing system runway. West side of field will be devoted to business aircraft. 


Tulsa Spending $10 Million on Airport 


By Erwin J. Bulban 

Tulsa, Okla.— Expansion program 
totaling nearly SI 0 million is under way 
here to modernize terminal and operat- 
ing facilities at Tulsa Municipal Airport. 
W hen completed and in operation in 
January, 1962. the new construction will 
increase terminal size nearly six-fold and 
more than double current gates in ad- 
dition to improving present runways by 
providing a taxiway designed for op- 
timum jet transport operation. 

In addition to providing increased 
facilities for airline tenants at the field, 
the modernization program is expected 
to be a boon to business plane operators 
at the airport by giving them additional 
space. 

Construction thus far is some 16% 
toward completion, in terms of money 
spent. Steel structure has been erected 
for the new terminal building, including 
a ticketing and baggage claim wing and 
erection of steel for the east concourse 
will begin immediately, with that for 
the west concourse going up Oct. 20. 
Structure to house a new airport sur- 
veillance radar is 95% complete and 
this equipment is expected to begin 
operating in January. 

New terminal building will provide 


sonic 1 80,2 1 3 sq. ft. of space, and a 
new 10,000-sq.-ft. separate air cargo 
building will be erected adjacent to this 
structure. The present terminal build- 
ing. built in 1931 with the last addition 
made in 1956, contains some 33,000 sq. 
ft. I 

building will provide 16. 'Hie terminal 
is being designed so that passengers will 
have a walk of less than 1 .000 ft. from 
the center of the structure to the farth- 
est gate position. Conveyor systems will 
be able to handle baggage of three air- 
lines simultaneously. Adjacent to the 
new terminal will be an 800-car parking 
lot, which will be capable of expansion 
to 1,000 autos. 

Some 1.200 ft. from the terminal, a 
50-unit motel will be erected by Air- 
port Parking of America, Inc., with 
work to start on this facility in 90 days. 

A new control tower, approximately 
157-ft. tall, will also be erected at the 
surveillance radar site. 

When the new terminal building and 
control tower are operating, the origi- 
nal terminal building will be made avail- 
able to business aircraft operations and 
the airport plans to lease space in the 
old tower to Federal Aviation Agency 
for use as maintenance offices. 


The new terminal, however, will pro- 
vide a gate for business aircraft users, 
as it does now at the present building, 
to facilitate transfer of executives who 
wish to connect at the airport with 
scheduled airlines. But with the new 
facilities operating, business aircraft 
operations— there are sonic 200 business 
aircraft based at the field-will have the 
entire west side of the airport for this 

New taxiwav, to parallel the main run- 
way, which has instrument landing sys- 
tem and sequence flashing approach and 
landing lights, is designed with high- 
speed turnoffs for jet airliners. Tiilsa 
Municipal expects to have eirline jets 
operating at the field next year. The 
airport already is the scene of consider- 
able jet activity, since American Airlines 
has its main overhaul base on one side 
of the airport and Douglas Aircraft Co. 
maintains a Boeing B-47 overhaul base 
on another side. 

Considerable expansion in passenger 
operations is forecast for the field. Last 
year nearly 425,000 passengers, nearly 
evenly divided between arrivals and de- 
partures, were handled through the field, 
compared with some 388,000 the previ- 
ous year. An FAA forecast indicates 
that by 1965 Tulsa Municipal will be 
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handling some 944.000 passengers an- 

Citv financing of the municipal por- 
tion of the expansion has been ap- 
proved bv the voters by a 4:1 margin; 
Federal Aviation Agency has approved 
an allocation of S3.S million. Tulsa 
Municipal fared well in its planning, 
since it got the project under way in 
time to take advantage of then-existing 
federal financing of terminal facilities, 
which no longer is possible. 

The airport is considered a model 
facility in terms of financing. It has 
always operated in the black— last year 
it showed income, over expenses, of 
S4 10.000 on a gross of Sl.297,000. 
which was an increase of some 20% 
over the previous year despite the fact 
that revenue from fuel sales dropped 
considerably due to a marked decrease 
in military transient operations. Sus- 
taining this drop-off was an increase in 
fuel sales to business aircraft. 

Tulsa Municipal operates under the 
autonomous Tulsa Airport Authority, 
consisting of four non-political ap- 
pointees, plus the mayor, and all its 
revenues are set aside in a separate cate- 
gory and arc not available for other 
uses, airport manager Pat Combs said. 
The airport has always paid all of its 
own operating expenses, employe sal- 
aries and capital expenditures and does 
not build the fund, but continually 
plows it back into airport improvement. 
Landing fees are not charged transient 
aircraft. 

It retains the fuel concession, the air- 
port’s biggest money maker, rather than 
bid it out to one of the operators and 
then collect fees. Airlines, however, do 


handle their own fueling operation. 

The authority has strong backing be- 
cause the city is decidedly airminded. 
Indication of this is shown in its at- 
tention to the business flyer. Ill 1958 
the Authority established a separate air- 
port facility. Riverside Airport, to over- 
come the growing lack of private fields 


Cannes. France— Ethiopian Airlines is 
rushing plans to inaugurate a trans- 
African air service which will directlv 
link for the first time East and West 

Ethiopian Airlines officials, meeting 
at Cannes, said the first flight has been 
set for Nov. S. Route will hook up 
Addis Ababa, the Ethiopian capital, 
with West African points in Nigeria. 
Ghana and Liberia. Thus, for the first 
time, travelers will be able to cross 
Africa directly. Presently, air travelers 
on Africa's West Coast reach African 
East Coast points via Western Europe. 
Airline, which for years has been largely 
operated by Trans World Airlines un- 
der a management contract with the 
Ethiopian government, plans to use 
Douglas DC-6Bs. 

Flight would lease Addis Ababa on 
Tuesday for Khartoum, Sudan. Next 
leg— some 2,000 mi.-tracks across Africa 
to Lagos. Nigeria, on the West African 
coast. At the moment, bilateral discus- 
sions are still going on between Ethio- 
pian and Nigerian governments over 
passenger rights. It is expected an agree- 
ment will be reached by Nov. 8. If not. 
then Lagos will be used as technical 


due to real estate development. River- 
side Airport, which now has some 88 
business and private aircraft based there, 
has operated in the black for a net of 
about SI. 000 per month since the sec- 
ond month of its start. The city has an 
investment of approximately SI. 5 mil- 
lion in this field. 


After Lagos, next regular planned stop 
will be Accra, capital of Ghana. Flight 
will terminate at Roberts Field, near 
Monrovia, capital of Liberia. 

Ethiopian government is interested 
in the new route for political reasons, 
as well as commercial. With more and 
more of the East and West African na- 
tions becoming independent, there is a 
natural desire for Ethiopia, one of 
Africa's oldest national states, to com- 
municate with its new neighbors. Addis 
Ababa government, for example, used 
its national airline to play an important 
transportation role in the Congo affair. 

In addition to such political motives, 
Ethiopian airline officials are anxious to 
pioneer a route which they consider has 
great traffic potential. There is a good 
deal of traffic, for example, between the 
Middle East and West Africa. With 
its new route, Ethiopian Airlines ex- 
pects to provide this market with the 
most direct air route between the Mid- 
dle East and West Africa. 

Moreover, Addis Ababa is becoming 
the center for United Nations' technical 
aid to the whole of Africa. This single 
activity is expected to generate consid- 
erable trans-African traffic over the next 


Ethiopians Plan T rans- African Link 
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BOAC has followed its contract for 35 Vickers VC 10 jetliners by ordering from British Air- 
craft Corporation ten Super VC 10’s— aircraft which are tailor made for high density routes 
such as the North Atlantic. 

In an economy class layout the Super VC 10 can carry up to 212 passengers plus 4 tons'of 
freight non-stop from London to New York against strong headwinds. 

Both Vickers VC 10 and Super VC 10 with their new look clean wings a"nd rear-mounted 
engines will offer an air field performance and a cabin comfort which will make them the most 
passenger preferred long haul jets in operation. 



SHORTLINES 


AIRLINE OBSERVER 

► American Airlines officials arc discussing the Caravelle Mark VII trans- 
port. powered by General Electric CJ805-23 aft fan engines (AW Aug. 8. 
p. 53), with Sud Aviation in France. Fleet of -10 is under consideration. 
Carrier is currently specifically interested in a twin-engine transport for its 
medium-range jet requirement. The Convair 60 is a strong contender (AW 
Aug. 1, p. 40). 

► Although Russia officially denied grounding its 11-18 turboprop transport 
(AW Oct. 10, p. 37) the behavior of the Soviet press, coupled with reports 
from U. S. observers in Russia, gave ample evidence that the aircraft had 
run into trouble. Until about Sept. 1, Il-18s were specifically mentioned 
whenever they carried important persons into or out of Moscow. A com- 
plete blackout on 11-18 references then began and continued until mid- 
October. At that time, Soviet newspapers broke the silence by reporting that 
Hungarian Premier Janos Kadar flew home from Moscow in an 11-18 and 
that another special 11-18 flight carried Russian doctors and medicine to 
Kabul, Afghanistan, to combat a cholera outbreak-indicating the transport 
was back in sen-ice (AW Oct. 24, p. 39). 

► Negotiations between the U.S. and India on amendments to the bilateral 
air transport pact have been broken off because of India's refusal to accede 
to U.S. demands that capacity and flight frequency restrictions enforced 
against U.S. flag carriers be lifted. U.S. sought an increase in the number 
of allowable flights into India from six to 10 weekly, but the Indians held 
that they could not revise their policy of traffic control because agreements 
with otlier countries contain similar restrictions. Meanwhile, chances arc 
strong that India will be granted permission to add Moscow as an intermedi- 
ate stop on Air-India’s U.S.-India route. 

► Federal Aviation Agency has invited Britain, Canada, Ireland and Portugal 
to participate in a project designed to determine air traffic control capacity 
requirements on the North Atlantic for the 1965-70 period. 

► Flight Engineers International Assn. President Ron Brown has charged 
that flight crew unemployment caused by airline introduction of jet equip- 
ment is running ahead of expectations. He said the number of men the 
union expected to lose through furlough during the entire period of transi- 
tion to jets already have lost their jobs at the halfway point of the jet - 
changeover. 

► Supersonic transport aircraft will head the list of items scheduled on the 
agenda of International Air Transport Assn. Technical Conference slated to 
begin Apr. 17 in Montreal. 

► Braniff Airways will reduce its tourist fares on U. S.-Latin American roulcs 
35% effective Apr. 1 in accordance with agreement reached in the Interna- 
tional Air Transport Assn, traffic conferences at Cannes (AW Oct. 24. p. 
41). First class fares will be increased up to 10%. Fares are subject to gov- 
ernment approval. 

► Ozark Air Lines has received stockholder approval to increase authorized 
common stock from 2 million to 4 million shares and to convert three out- 
standing classes of stock into one new class of common. New certificates for 
Class A and B stock and general common stock will be issued on a onc-for- 
onc basis. 

► Allegheny Airlines is now operating four of the fix e Convair 540 turboprop 
transports it has on order. The carrier reported to the Civil Aeronautics 
Board that the fleet will achieve total direct operating costs of 95.36 cents 
per revenue mile-or l.S cents per available seat mile-in regular service. 
Napier Engines, Inc., is now maintaining a spare engine pool and parts sup- 
ply in Washington for the Eland engine which powers the Convair 540. 
Plans call for an expansion of parts and overhaul facilities in other U. S. areas. 

► United Air Lines is debating between a convertible preferred stock or a 
convertible bond issue to finance its order for the Boeing 727, assuming 
Boeing decides to build the aircraft. Some form of equity financing appears 
to be necessary in a market looking none too robust. 


► British Overseas Airways Corp. re- 
ports it carried 626,000 passengers on 
its world-wide routes during the fiscal 
year ending Mar. 31, 1960, an increase 
of 26% over the previous fiscal year. 
Load ton-miles— passengers and cargo- 
rose 29% to 290 million. BOAC air- 
craft flew 176,824 hr. and 53.6 million 
mi. The carrier has announced it will 
begin transatlantic all-cargo service next 
month in converted Douglas DC-7C 
aircraft with a pavload capacity of 32,- 
000 lb. Two of BOAC's DC-7Cs are 
now being converted at the Douglas 
Aircraft Co. Santa Monica plant to 
DC-7F cargo configuration. 

► Delta Air Lines was scheduled to be- 
gin daily Convair 8S0 first class service 
Oct. 30 from Friendship International 
Airport, which serves Washington and 
Baltimore, to New Orleans and Hous- 
ton. The new service will originate and 
terminate in Philadelphia. 

► Eastern Air Lines’ new Douglas DC-8 
service between Boston and Miami was 
scheduled to begin Oct. 30. Service will 
begin with a daily first class flight via 
Philadelphia and four nonstop night 
coach flights a week. 


► Federal Aviation Agency will begin 

tion for all applicants for Airline Trans- 
port Ratings in November. The new 
examination consists of problems nor- 
mally encountered in flight planning, 
interpretation of weather data, naviga- 
tion. use of radio aids and application 
of Civil Air Regulations. Applicants 
who have successfully completed one 
or more parts of the old sectional ex- 
amination will be permitted to take the 
sections which thev failed again if they 
apply before July 1. 1961. 


► Sabena Belgian World Airlines has 
started modifying its Pratt & Whitney 
JT4A turbojet engines to increase 
their thrust 1.700 lb. in order to enable 
the Sabena fleet of Boeing 707 Intcr- 
continentals to take off with increased 
payloads at airports where runways arc 
not long enough to permit takeoff now 
with a full load. 


► Trans-Canada Air Lines has signed a 
reciprocal agreement with the Hun- 
garian state airline. Malev, under which 
both carriers will book passengers on 
the other carrier when passengers or- 
iginate in their countries. Hungary is 
the fourth East European nation to 
reach agreement with TCA-the other 
three are Poland, Czechoslovakia and 
Yugoslavia. 
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PLASMA AND PROPAGATION Electromagnetic attenuation as a function 
of frequency, and magnetic window techniques to alleviate the propagation 
problems, have been predicted and verified with the Bendix electrically-excited 
shock tube. These are the keys to future communication with hypervelocity 
vehicles. Career positions are open in both theoretical and experimental plasma 
physics, and communications. 


BENDIX SYSTEMS DIVISION 

ANN ARBOR, MICHIGAN 







NOW.. .LIQUID HYDROGEN 

from the first privately owned plant 


With a capacity of 13,000 Ibs./day, the new Linde liquid hydrogen plant at Tor- 
rance, Calif., is prepared to meet current requirements. This important liquid fuel 
is available in tonnage or liter quantities, for operations or research. 

The new Linde plant is the first privately-owned large liquid hydrogen plant in 
existence. Designed, constructed, and operated by Linde engineers, financed by 
Linde capital, and implemented by Linde delivery and storage facilities, it marks 
a long step forward in liquid hydrogen supply. 

The product delivered from this new plant contains less than two parts per mil- 
lion in impurities. It is suitable for all purposes including fuel, laboratory experi- 
mentation, or engine testing. Distribution in tank trailers and containers insulated 
with Linde super-insulation keeps losses remarkably low. 

For additional information on this new Linde facility and its products, write 
Linde Company, Division of Union Carbide Corporation, 270 Park Avenue, New 
York 17, N. Y. In Canada, Union Carbide Canada Limited, Linde Gases Division, 
Toronto 12. 


LINDE COMPANY 
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DATA LINK for SAC bombers and tankers is expected to provide fast, secure ground-air commnnicab'ons. System developed by General 
Electric, is called Discom. In cockpit pilot lias selective calling console (left) and message display (center) whose top row displays "canned” 
messages while three lower rows display flexible format messages. To send message from aircraft to ground, pilot would use pushbutton 
composer (right) located in withdrawable panel underneath left console. 


GE Tests Air-Ground Data Link for SAC 


Bv Philip J. Klass 

Lynchburg, Va.— A digital communi- 
cation system, intended to improve the 
speed and security of Strategic Air Com- 
mand's ground-air communications with 
its far-flung bombers and tankers, 
began its evaluation tests here this 
month. System was developed by Gen- 
eral F.lectric's Communication Products 
Department here. 

Using the new data link, a SAC com- 
mand post will he able to transmit 
messages in digital form over existing 
Short Order single sideband radio sta- 
tions which will be displayed m the 
cockpit of a specific airplane, group of 
aircraft or in the cockpits of all SAC 
aircraft, as desired. 

The digital communication messages 
arc expected to get through under ad- 
verse propagation conditions, either 
man-made oi natural, which might in- 
terrupt presently-used voice communi- 
cations. according to George Schcer. 
Wright Air Development Division's 
Communications Laboratory. 

An equally important gain from digi- 
tal communications is expected when 
SAC gets its new automatic control sys- 
tem (463-L) using large ground-basal 
digital computer installations (AW June 
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20. p. 133). Digital communications 
system, tied into aircraft navigation and 
altimetry equipment, will enable SAC 
Control System computers to interro- 
gate aircraft and determine their po- 


sition and status without human action 
or intervention in the aircraft or on 
ihe ground. 

The new two-way SAC data link, 
called Digital Selective Communica- 





Flight Propulsion IV E W S 


A report about progress in research and 
products from the Flight Propulsion Divi- 
sion of the General Electric Company 



General Electric Caravelle Begins 
Conversion to Aft-fan Engines 


EDWARDS AFB, Calif.— The General 
Electric Caravelle recently arrived at 
the Flight Test Center here to begin 
conversion to CJ-805-23 aft-fan power 
preparatory to flight testing. The pro- 
gram calls for retrofitting this fall, with 
first flights scheduled for December. 

The G-E Caravelle arrived after car- 
rying over 3000 passengers during a 
16-city sales tour conducted by Douglas 
Aircraft Company. Douglas will sell 
and service the Caravelle in the United 
States and several foreign countries. 

The first two CJ-805-23 engines as- 
signed to the Caravelle program are on 
hand awaiting installation, with the num- 
ber one engine heavily instrumented. 
CJ-805-23-powered production aircraft 
have been designated the Caravelle VII 
by Sud Aviation. 

Each of the CJ-805-23 engines will 
produce 16,100 pounds static thrust 
to boost Caravelle speed and range. 
The new powerplants will also permit 
reduced sound levels and shorter take- 
offs and landings. 


The aircraft’s distinctive short-cowl 
nacelles are being manufactured by 
Douglas at Santa Monica, California. 
Engines will be mounted in the aft- 
fuselage position. Aft-engine placement 
and the -23’s low inherent noise level 
will minimise cabin sound in the Cara- 
velle VII. 

Based on recently completed flight 
tests on the CJ-805-23 engine, the 
Caravelle VII will have extremely 
low noise levels. Two and a half miles 
from take-off roll, or at about 1300 feet 
altitude, the noise level is 106.5 PNdb 
at full take-off power. During approach 
at maximum landing weight, the noise 
level is 108 PNdb at 400 feet altitude. 

General Electric’s Caravelle short/ 
medium range jet airliner program, an- 
nounced last December, is designed to 
make the aft-fan Caravelle VII availa- 
ble to the world market early in 1962. 
For further information on the Cara- 
velle V 11 /CJ-805-23, check CED-4176. 
See coupon. 


CF700 Completes Two 150-hour Runs 


LYNN, Mass. — General Electric’s CF- 
700 aft-turbofan engine recently com- 
pleted its second unofficial 150-hour 
endurance run in less than a month. 

On both occasions, the powerplant 
bettered guaranteed thrust and spe- 
cific fuel consumption. Guaranteed sfc 
for the 4000-pound-thrust engine is 0.69 
lb/hr/lb. 

The CF700, destined for the cor- 
porate aircraft market, has endurance 
capabilities which stem from the J85 
military turbojet with its more than 
17,000 hours experience and the FAA- 
certified CJ-805-23 aft turbofan com- 


mercial engine. The CF700 gas genera- 
tor is virtually identical to the J85, 
while the CF700 fan component is a 
scaled-down version of the CJ-805-23 
fan package. 

Initial testing of the CF700 began in 
mid-May. Throughout the test program, 
acceleration time from idle to full 
thrust remained below five seconds. 

Flight test engines are scheduled 
for availability in early 1961; FAA- 
certified engines a year later. 

For more information about the CF- 
700 check GED-4194 and CED-3986. 
See coupon. 


CT58 Certificated for 
1000 Hours TBO 


LYNN, Mass. — General Electric's CT- 
58 turbocopter engine recently became 
; first helicopter powerplant to be 
certificated for commercial operation 
with Federal Aviation Agency approval 
for 1000-hour time between overhaul. 

The 1000-hour rating, representing 
more than a year of normal operation, 
is the longest TBO granted by the FAA 
for either reciprocating or turbine heli- 
copter engines. The new rating applies 
specifically to the Sikorsky S-62, which 
recently became the first American 
turbocopter to be certificated for com- 
mercial operation. 

The T58-6, military counterpart of 
te CT58, passed its qualification test 
i August 1958. The T58 recently 
powered a bailed Navy HSS-1F heli- 
copter more than 1000 flight hours with- 

: overhaul, operating about three 
hours a day for a full year. Parts and 
:omponents were well within wear limits. 

The CT58 and T58 engines power 
a broad range of modern commercial 
and military aircraft 
For additional information on the T58 
turboshaft engine check GED-3987 A. 
See coupon. 



CT58 powers the Sikorsky S-62, first 
American turbocopter certificated for 


Nuclear Flight Propulsion 
Group Joins FPD 

In a move to align operating groups 
more closely with customer needs, Gen- 
eral Electric’s Aircraft Nuclear Propul- 
sion Department has been assigned to 
the Flight Propulsion Division. General 
Manager is David F. Shaw, who re- 
ports directly to John B. Montgomery, 
newly-appointed division vice-president. 

ANPD has been engaged in the de- 
velopment of a military nuclear air- 
craft propulsion system since 1951. Suc- 
cessful ground tests of reactor and en- 
gines have been achieved since 1956 
on a direct air cycle system. 

For information on approaches to air- 
craft nuclear propulsion, check GER- 
1544. See coupon. 


A3J Completes 
First Carrier Trials 

EVENDALE. O. — The Navy’s North 
American Aviation A3J Vigilante, 
powered by two General Electric J79 
engines, recently completed the first 
phase of its carrier suitability trials. 

The week-long tests were conducted 
aboard the USS Saratoga off Mayport, 
Fla. The Vigilante made 15 catapult 
launches and 14 arrested landings during 
its first carrier demonstration. Pilots 
tested the Vigilante’s powerplants with 
several “touch and go” landings, and 
the plane was given general carrier 
suitability checkouts, including towing 
and spotting. 



powered by two G-E J79 engines. 

The sleek Mach 2 bomber’s J79 en- 
gines have the highest thrust-to-weight 
ratio in their class and provide low spe- 
cific fuel consumption. The J79 pro- 
duces more than 16,000 pounds of thrust, 
yet weighs only about 3600 pounds. 

B-58 CREW WINS 
SAC BOMBING TROPHY 

BERGSTROM AFB, Tex.— The J79- 
powered Convair B-58 Hustler, first 
U.S. Mach 2 bomber, recently demon- 
strated outstanding capability in its 
first SAC combat competition. 

In the bombing competition, top in- 
dividual score was recorded by Major 
Harold Confer and his crew from the 
B-58 equipped 43rd Bomb Wing. The 
Wing, which had flown the B-58 only 
six weeks, placed second in unit bomb- 
ing and fifth in over-all competition 
for the Fairchild Trophy, won by B-52’s 
of the 11th Bomb Wing. 

The unit bombing competition was 
also won by 1 1th Bomb Wing, while 
J47-powered B-47’s of the 340th Bomb 
Wing took the navigation award. 

Aided by the B-58’s ability to start its 
J79 powerplants while taxiing after 
cart-start of the number one engine, the 
Hustler crew swept the ground alert 
timing competition. 



T64 Turboshaft Engine Exceeds 
Pre-flight Rating Test Guarantees 


LYNN, Mass. — General Electric's T64 
turboshaft engine recently passed its 
official preliminary flight rating test 
(PFRT), exceeding all guaranteed 
specifications. 

G-E’s Small Aircraft Engine Depart- 

official tests on this version of the T64 
gas turbine, two on JP-4 and one on 
JP-5 fuel. In each test all performance 
parameters, including acceleration times, 
oil consumption, starting time and de- 
terioration were well within specifica- 

The engine developed 2780 shaft 
horsepower at military rating with a 
specific fuel consumption of 0.490 lb/- 
hp-hr, as compared to its performance 
guarantee of 2650 shp and 0.506 sfc. 

Test approval of the T64-2 turbo- 
shaft automatically qualified the power- 
plant’s direct drive version, the T64-6, 
for flight testing. 



The T64-4 and T64-8. turboprop 
models of the engine, are also expected 
to receive official PFRT approval later 

All models utilize an identical power 
unit and differ only in reduction gear- 
ing and accessories. Under develop- 
ment for the Navy, the T64 is designed 
for large helicopters, fixed wing and 
VTOL, STOL applications. 

For more T64 information, check GED- 
4094. See coupon. 


FOR MORE DETAILED INFORMATION on 
these and other developments in General 
Electric products, contact your nearest 
G.E. Flight Propulsion Division represent- 
ative or indicate below the free brochures 
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Alert sends crew hustling to B-58. 


Major Confer’s winning time was 
two minutes, twenty-five seconds from 
klaxon to taxi. 


progress /s Our Mosf Important Product 

GENERAL© ELECTRIC 




LIQUIDOMETER electronic -electromechanical instrumentation 

for space vehicles • aircraft • ground support units • test facilities 


Liquidometer combines the vision of original design with the dependability of long experience to qualify 
as a major source of instrument and control systems. Capabilities in design, development, 
and production are outlined in a new Liquidometer booklet available on request. 

Your inquiry is invited. 


THE LIQUIPOMETER cobp. 





SEQUENCE of Discom signal-message flow and analysis in receive mode is shown. 


lions, or Discom for short, will provide 
flic following services: 

• “Canned" messages, consisting of 36 
(or more) commonly used commands, 
instructions or replies. 

• Flexible format messages, containing 
up to 48 alpha-numeric characters for 
special communication situations where 
canned messages arc not suitable. 

• Request for voice contact, showing 
specific base that aircraft should contact. 

• Automatic switching functions which 
enable a ground station to activate, de- 
activate or interrogate certain equip- 
ments aboard the aircraft or change its 
operating mode, such as IFF (identifica- 
tion friend or foe). This service ulti- 
mately will be used to obtain automatic 
altitude and position reports from air- 
craft navigation equipment. 

The GE system enables individual 
bomber/tankcr crews to also transmit 
canned or flexible format messages in 
digital form to any selected ground 
station(s). 

The GE Discom system has several 
characteristics, such as flexible format 
message structure and moderate-speed 
data rate (50 bits per second), which 
could make it attractive for civil use. 
Several months ago the Air Transport 
Assn., in a statement expressing airline 
views on civil data link needs, criticized 
the AGACS data link being developed 
by Radio Corporation of America un- 
der Federal Aviation Agcncv sponsor- 
ship because it lacked flexible message 
capability and operated at an extremely 
high data rate (AW June 20, p. 86). 
Prototype Airborne System 

The prototype airborne Discom sys- 
tem which GE has constructed for 
evaluation tests weighs approximately 
60 lb. Because equipment was devel- 
oped on an extremely short timetable of 
about one year, it docs not represent 
the ultimate in miniaturization. A pro- 


duction redesign should permit the air- 
borne system weight to be cut to about 
35 lb., according to G. A. Kious, Dis- 
com project manager. The system is 
completely transistorized, Kious reports. 
Discom Fundamentals 

For maximum flexibility in applica- 
tion and use. the Discom system has 
been designed in the form of two basic 
subsystems: 

• Selective calling, called control moni- 
tor group (AN/URA-22) which enables 
ground station to alert individual, group 
or all aircraft and transmit up to 676 
discrete messages or switching com- 
mands. 

• Digital message unit, called digital 
data group (AN/URA-29). which can 
be added to selective calling subsystem 
to provide for two-way digital communi- 
cation of both canned and flexible for- 
mat messages. 

In the prototype equipment, the air- 
borne selective calling unit and its as- 
sociated cockpit control 'display con- 
sole weigh about 25 lb. Tire digital 
message unit and its cockpit message 
composer 'display weigh about 33 lb., 
according to Kious. 

Selective calling, from ground to air 
or vice versa, is accomplished by trans- 
mitting a series of four call letters which 
correspond to the specific code assigned 
an individual aircraft, group or the en- 
tire fleet. The four letters assigned can 
be a phonetic expression of the station 
identity, similar to technique used in 
airline baggage tags, or completely arbi- 
trary. For example, code letters for SAC 
Headquarters might be OFUT, or 
AGTV. 

When ground station transmits a call 
to an individual aircraft, group of air- 
craft or the entire fleet, the cockpit dis- 
play of aircraft being called will start 
flashing. The particular lamp illumi- 
nated will indicate whether the call is 
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with 



Veeco’s MS-9 leak test stations are 
used to pressure, vacuum and inside 
out test hermetically sealed units. The 
helium mass spectrometer permits 
scaled objects to be certified leak proof 
at a sensitivity of 10' 10 std. cc/sec. 

Veeco manufactures a complete 
line of high vacuum equipment... 
Components, Leak Detectors, Evapo- 
rators, Systems... accepted as the 
quality line for over a decade. 

Automatically or 
manually operated. 

For MS-9 Brochure 
or Complete Catalog 
write Dept. 1834B 
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Marquardt Provides Unique Advanced Materials 
and Structures Capability for Space-Age Demands 



SPIN FORGE (TOP) - Capable of exertinf 
controlled million pounds working force, l 
cold-flow forms seamless components ui 
diameter and 15 feet long. 


40 KW PLASMA JET (CENTER) - Temperatures up to 
30,000-F generated by plasma flame may be used for 
applying ceramic, metal or cermet coatings. 

TM-1 TEST MACHINE (BOTTOM) - The auto-dynamic ele- 
vated temperature testing machine conducts tensile, 
creep, stress-rupture, compression tests of metals at tem- 
peratures up to 3,500-F. Programming of mission 
load-temperature-time parameter may be performed. 
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Seamless spun tungsten rocket nozzles have 
been developed and produced by Marquardt’s 
Advanced Materials and Structures Department. 
Capable of withstanding the severest combus- 
tion environments, these test proven nozzles 
exemplify Marquardt’s continuing materials and 
structures state-of-the-art advances. In other 
critical areas, too, Marquardt’s unique ability to 
combine metallurgy and advanced processing 
methods is producing heretofore impossible-to- 
form space age hardware. 

Marquardt’s consistent break-throughs in the 
ultra-high temperature areas of refractory 
metals, gradated resistant coatings and metal 
reinforced ceramics provide customers with a 
proven record of materials engineering and 
processing progress. 

At Marquardt, “materials” application does not 
lag behind design requirements. When design 
engineers demand fabrication or utilization of 
metals, alloys, and ceramics that will withstand 
the stresses, strains, and erosion of elevated 
temperatures, Marquardt provides not only the 
technical answers, but the products themselves. 
Fifteen years technological experience gained 
in research, development and production of 
chemical and electrical power systems for 
atmospheric and space flight, are important 
benefits offered by Marquardt engineers. This 
leadership combined with extensive modern 
facilities, provide Department of Defense and 
Weapon Systems Managers with a unique capa- 
bility for research, development and production 
of reliable high temperature materials and 
structures. Detailed information about Mar- 
quardt’s experience, facilities and services may 
be obtained by writing Bill O’Connor, The 
Marquardt Corporation, 16555 Saticoy Street, 
Van Nuys, California. 

Engineers and scientists experienced in these 
or related fields will find it rewarding to discuss 
their career futures with Marquardt. The com- 
pany’s growth is a parallel to the atmosphere of 
challenge and rewarding accomplishment that 
has existed since the firm's beginning. 


CORPORATE OFFICES: 


5. CALIFORNIA 



individual, group or a general broadcast. 
When the pilot pushes the flashing 
light, causing it to go out, Diseom 
transmits an acknowledgement signal 
containing aircraft identity code back to 
the ground station. 

Immediately thereafter the "From” 


window on the panel will display six 
letters, two of which represent one of 
676 possible discrete messages, while 
the remaining four letters identify the 
ground station calling. The letters are 
displayed by means of six individual ro- 
tating’ drums, one for each letter. For 




TIMING MARKS -one second apart 



calls from ground station, the "To” 
window would be blank. 

If an aircraft wants to send a selective 
call to a specific ground station, the 
pilot uses the two insert knobs to set 
up the desired two-letter message code 
and the station identity code in the 
right-hand (To) window. He then se- 
lects the radio channel on which lie- 
wants to transmit and finally pushes the 
transmit button. Diseom can transmit 
on single sideband, normal high fre- 
quency (AM), or ultra-high-frequency. 

The identity of the calling aircraft, 
and its two-letter coded message, will 
then appear on a display console of the 
ground station. When the ground sta- 
tion operator acknowledges the call, 
the “Ackn" light on the airplane con- 
sole will flash. 

Digital Unit 

Although the selective calling unit's 
two-letter mode code permits transmis- 
sion of up to 676 prearranged codes 
(26x26), it requires the use of a code 
book which is an operational incon- 
venience. With the addition of the 
digital message unit and its display/ 
composing console, the system gains in 
flexibility and speed, but at the expense 
of added equipment weight and com- 

The digital message console displays 
both canned and flexible format type- 
messages received from the ground and 
also is used for composing messages sent 
from the aircraft to the ground. 

Behind the top display slot arc three 
drums, each with 16 positions around 
its periphery upon which one or sev- 
eral frequently-used words arc printed. 
To select any one of these 16 positions 
on the first drum, and its word display, 
it is necessary only for the ground sta- 
tion to transmit a single alpha-numeric 
character, munediatclv following its six- 
letter selective calling code transmission. 
(The 26 different letters plus 10 differ- 
ent numbers provide for the 16 differ- 
ent drum positions.) 

Rapid Transmission 

alpha-numeric characters, the ground 
station can position each of the three 
drums to display one of the canned mes- 
sages. The entire canned message re- 
quire-: only about one-half second to 
transmit, in addition to the several sec- 
onds required for the initial selective 
call. 

The next three horizontal slots on the 
console are used to displav flexible for- 
mat messages. Behind each of the three 
slots are 16 individual rotatable drums, 
each with 26 letters and 10 numerals 
around its periphery. 

By transmitting additional alpha- 
numeric letters (or spaces), tracked onto 
the selective call, the ground station can 
position each of the drums in sequence 
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SPARROW m “flies home” on 
FAFNIR BALL BEARINGS! 



Fafnir Torque Tube Type Ball Bearings less than Va" 
thick and weighing only 4 ounces each, support the wing 
pivots in Raytheon’s Sparrow III missile. 

To carry loads imposed by wing operation at Mach 2+, 
each of these Fafnir bearings is fitted with its maximum 
complement of 45 balls. The bearings also have tight, 
integral seals of extra-thick Buna N material to with- 
stand the pressures of supersonic flight. These seals pro- 
vide positive protection against atmospheric contaminants 
and loss of factory-packed bearing lubricant. 

Fafnir’s experience with bearings for missiles, jet 
engines, and aircraft controls and accessories is un- 
matched in the industry. Take advantage of it. Look to 
Fafnir for a sure approach to your bearing requirements. 
Write The Fafnir Bearing Company, New Britain, Conn. 

FAFNIR 

BALL BEARINGS 
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The Avnet System 

creates a new Concept of Supply 


Avnct's supply of electronic components is v; 

assembles and/or makes available ar 
ments. The Avnet System is geared to meet your demands of tomorrow, next month, nt 
son, because unique Customcr-Avnct-Manufacturer planning goes on daily. 


This new Concept of an overwhelming Supply is one of many advantages in The Avnet System. 
Avnei maintains a network of Sales Engineers traveling the US. Each engineer has his coun- 
terpart in a Service Center Expediter. Tremendous stocking facilities are maintained strategi- 
cally throughout the country. Avnet maintains and operates complete assembly facilities for 
Connector Prototype requirements. For the most reliable, most constant, steadiest source of 
Supply, contact your nearest Service Center in The Avnet System. 


AVNET 




THE AVNET SYSTEM 
AVNET ELECTRONICS C 0 R P. 


1 SEMICONDUCTORS. RHEEM SEMICONDUCTORS. ElECTROSNAP AND HETNERINGTON 


to spell out any flexible format message 
with up to -18 alpha-numeric characters. 

For composing a canned or flexible 
format message for transmission from 
the aircraft to the ground, a small push- 
button keyboard is pulled out from 
under the "selective calling control con- 
sole. By pushing the appropriate but- 
tons, the pilot can frame any message, 
which will be displayed on the digital 
message console. When a message is 
completely composed the pilot pushes 
the transmit button. 

If an incoming message is received by 
the aircraft while the pilot is composing 
an outgoing one, the incoming message 
is given instant priority on the display. 
However, the portion of the outgoing 
message already composed is stored and 
can automatically be subsequently re- 
called to the display. 

Army Field Code 

Discom employs the Army Field Data 
binary code, normally used for teletype, 
in accordance with Defense Department 
policy of standardizing on this code 
wherever possible. 

Eight bits are used for each alpha- 
numeric character. Six of these identify 
the particular character, the seventh bit 
can be used for control function in 
teletype operation, and the eighth bit 
is a parity check. 

For Discom, bits arc transmitted by 
means of frequency shift keying (FSK), 
as in teletype operation. Tones of 1.90 
kc. and 2.75 kc. are employed to indi- 
cate “ones” and “zeros,” respectively. 

Discom will operate at a data rate of 
50 bits per second, and will operate in 
synchronous manner rather than start- 
stop as with teletype. Timing is con- 
trolled by a crystal oscillator. 

In addition to the parity check in- 
herent in the Army code, Discom 
employs considerable redundancy to 
assure "accuracy and reliability under ad- 
verse propagation conditions. For ex- 
ample, in tlic selective calling portion 
of the message, the four-letter call code 
of the addressee is repeated for a total 
of three times and the identification of 
the calling station is given twice. 

The two-letter switching or discrete 
code is transmitted twice during a mes- 
sage and both must be received to cause 
the system to initiate the desired con- 
trol or display action. 

Discom Operation 

Operation of the Discom system in 
the receiving mode, described by GE's 
Kious at the recent National Communi- 
cations Symposium in Utica, N. Y., is as 
follows: Audio tones (FSK) representing 
the incoming message arc first converted 
into digital form by the modulation 
adapter. The message is then routed to 
appropriate control circuits. 

First of these circuits is signal recog- 
nition, which identifies pulses as being a 



NEW TASKLINE 

REFRIGERATION COMPRESSORS 
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On Target, 
Because . . . 


B&L optical-electronic-mechanical 
capabilities help align azimuth on 
Polaris Submarines 

To sharpen the shooting eye of this 
deadly fish, Bausch & Lomb developed four 
different instrument systems to convey 
optical and electronic information between 
the missile guidance package and the 
inertial navigation system. 

Accuracy of these systems is 
measured in terms of one second 
of arc: 1 part in 200,000. 

The integrated skills of Bausch & Lomb 
sped these four Polaris projects 
through every phase of development: 
complete original design, BuOrd 
documentation, fabrication. We’d like to 
y apply the same skills to your project. 




WRITE for B&L Capabilities Bulletin . . . 
and for help in the development and manufacture 


Bausch & Lomb Incorporated, Military Products 
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Discom message and synchronizes tlic 
timing circuits. Signal is then routed 
to the address recognition circuitry 
where comparisons are made with each 
of the three calls which individual air- 
craft's equipment is set to recognize, 
i.e., individual, group or general. 

If the message address is one of these 
three, it causes the appropriate light to 
start flashing on the cockpit console 
and signal is then routed to first mode 
and then to signature storage. Both the 
mode control and calling station code 
letters arc then displayed on the con- 
sole. If the two-letter mode control 
code indicates that a digital message is 
to follow, the signal is routed to the 
proper circuits in the associated digital 
data group for display on the cockpit 
console. 

Initial tests to be conducted here 
starting this month will be ground-based 
evaluations of the selective calling sub- 
system, to be followed early next year by 
tests on the digital data subsystem. 

By mid-1961. Air Force hopes to be- 
gin airborne flight tests using selective 
calling units installed in about 50 SAC 
aircraft, nine of which will also he 
equipped with digital data subsystems. 
Present plans are to install ground-based 
Discom equipment at five SAC stations. 

The Digital Selective Communication 
system was developed under Wright Air 
Development Division sponsorship. 

U. S. Plans Tracking 
Station in S. Africa 

Johannesburg— United States and 
Union of South Africa hare signed a 
bilateral agreement for location of a 
deep space tracking station scheduled 
for operation early next year, in West- 

Thc U. S. will pay the South African 
government S2.8 million for a 1,250 
acre site, located 24 mi. north of 
Krugersdorp. Station initially will be 
operated by U. S personnel, who grad- 
ually are to be replaced by South Afri- 
cans employed by the state-sponsored 
Council for Scientific and Industrial Re- 

National Aeronautics and Space Ad- 
ministration will act as program man- 
ager for instrumenting the site, which 
will contain an S5-ft. tracking dish 
mounted on a 100-ft. pedestal. Unit 
will have an initial range of 4 mil- 

Under terms of the agreement. U. S. 
firms will build instrumentation, and 
South African contractors will construct 

The deep space network also will in- 
clude a station in Australia and a sta- 
tion at Goldstonc. Calif. The three 
facilities arc about equidistant around 
the earth to provide complete 24-hr. 
tracking of Space probes. 
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THE UNIVAC A.C.T. 


A.C.T. had to be made! No other automatic component 
tester could meet the demands of Univac quality control. 

Univac reliability standards demanded a new means of 
component testing involving unprecedented speed, flexi- 
bility and reliability. 

The result was A.C.T. (Automatic Component Tester) 
which measures and records a component parameter every 
second — 60 times faster than manual inspection. 

One of A.C.T. ’s early assignments was a 100% check- 
out of all 90,000 components in a Univac computer sys- 
tem. Each was checked on 1 0 parameters — a total of 
900,000 critical tests. Many thousands of man hours were 

I 


cut to a few hundred hours. Human failings of fatigue and 
misinterpretation were completely avoided. 

But speed is only one of A.C.T.’s many merits. With 
great flexibility, it automatically measures resistors, diodes, 
transistors, connectors and capacitors with absolute pro- 
tection against damage during testing. 

A.C.T. is currently on an 18-hour day, six-day week 
in the continuing mission of Univac reliability. 

Univac reliability insisted on the creation of A.C.T. 
Univac ingenuity and capability produced it. 

Military Dept., Remington Rand Univac, Division of 
Sperry Rand Coiporation, Univac Park, St. Paul 16, Minn. 


® 


'CAPABILITY-INGENUITY-RELIABILITY for Business, Industry and Defense at remington rand univac 




New Display Gives Realistic 3-D Effect 


Washington— New type of three-di- 
mensional display, suitable for air traf- 
fic control, air battle situation or space 
surveillance, which does not depend 
upon stereoscopic illusion, has been 
developed by ITT Laboratories. 

Small scale working model of the 
new 3-D display was demonstrated 
here recently to representatives of the 
military services, the Federal Aviation 

and Space Administration. 

Novel feature of the 3-D display, 
which is contained in a glass-enclosed 
cylinder, is that it can be viewed from 
any angle around its periphery and from 
any vertical angle. It is almost as if 
the air traffic or battle were taking 
place in miniature within the glass 
enclosed cylinder. The display needs 
to be viewed in subdued light to be 

Display can be produced in a range 
of sizes, with cylinder diameters of up 
to several feet, perhaps larger, accord- 
ing to Anthony Casabona. director of 
ITT Laboratories' Avionics Laboratory. 
How it Operates 

The ITT Laboratories device utilizes 
a high intensity cathode ray tube, an 
optical projection system, and a rotat- 
ing translucent screen within the glass 
cylinder, in combination with the per- 
sistence of vision of the human eye to 
create a three-dimensional display. 

The motor-driven screen turns at ap- 


proximately 20 revolutions per second. 

Any blip, alpha-numeric character 
or other configuration appearing on the 
cathode ray tube (CRT) face is op- 
tically projected onto the rotating 
screen. 

If the blip represents the posi- 
tion of an aircraft, for example, and 
the airplane’s azimuth position is 90 
deg., control circuits cause it to 
flash on the CRT face and rotating 


screen at the precise instant when the 
screen is at a 90-deg.. azimuth posi- 
tion. disappearing from the CRT and 
the screen immediately thereafter. 

If the CRT employs an E-scope dis- 
play. in which target range is dis- 
played along the horizontal axis and its 
altitude along the vertical axis of the 
CRT. then the blip projected onto the 

spending distance from the center of 



SPECIAL synchronizing controls are required for eatliode ray tube used with 3-D display. 
Target range and altitude coordinates are displayed on tube face, with instant of display 
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the glass cylinder and height above its 

Because of the persistence of vision, 
the blip appears to be suspended in 
darkened space within the glass cylin- 
der at an azimuth, altitude and range 
corresponding to the airplane’s actual 
coordinates relative to sensing radar. 

There is no reasonable limit to the 
number of targets which can be dis- 
played within the glass cylinder. As 
the rotating screen reaches the azimuth 
position corresponding to another tar- 
get. its range and altitude are briefly 
displayed on the cathode ray tube and 
optically flashed on the screen. 

The model displayed here, using a 
cylinder measuring approximately 12 
in. in diameter and six inches high, 
employed small lamps instead of a 
CRT for producing target blips. The 
blips were broader and not as bright as 
those which should be realizable with 
a high brightness projection type CRT. 
according to Raymond Bassett of ITT 

Despite these limitations, the three- 
dimensional effect was pronounced and 
instantaneous, requiring no special 
focusing of the eyes or concentration. 
In the demonstration model, all of the 
targets were fixed except one which 
appeared to flit through the glass cylin- 
der like a butterfly. Because the screen 
is translucent, the display can be viewed 
from anv azimuth position. 

To balance centrifugal forces on the 
screen, a black vane of equal size is at- 
tached on the opposite side of its motor 
drive shaft. By placing white grid mark- 
ings on this black vane, and using a 
stroboscope, it is possible to in effect 
position the grid alongside any target 
and determine its three coordinates. 

Any alpha-numeric character or con- 
figuration that can be produced on a 
cathode ray tube can be displayed on 
the rotating screen by means of the 
optics. (See sketch.) Resolution is 
limited onlv bv CRT spot size and de- 
flection. and the quality of the optics 
used. Bassett says. Target blips can be 
erased as quickly as on a conventional 
CRT. 

If a colored display is desired, a 
high-speed color wheel (similar to that 
used in early color television) can be 
inserted between the CRT and optics, 
suitably synchronized, to produce any 
target (s) in any color, Casabona says. 

The 3-D display was developed with 
ITT funds. Company now is anxious 
to find an interested customer in order 
to build a fully operable model. This 
would include the use of a CRT and 
design of control circuits needed to 
synchronize CRT display with the ro- 
tating screen. Casabona estimates that 
such a model could be built for ap- 
proximately $100,000 in less than 12 
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Uni-Flex 


ADVANCED 


TECHNIQUES IN 
EXPANSION 
JOINT 
FABRICATION 


U-SPAN BELLOWS FOR HIGH 
PRESSURE, HIGH TEMPERATURE 
SERVICE 

Uni-Flex manufactures expansion 
joints in all sizes and shapes for 
Refinery, Power, Chemical and 
Processing applications. In the large 
illustration, a U-Span type cradled 
and hinged joint is absorbing offset, 
angular and rotational displacement 
due to high temperature and 

shippable size. 




characteristics are possible 


DESIGNING AND MANUFACTURING 
TO CUSTOMER SPECIFICATIONS 


COMPLETE CRYOGENIC SYSTEMS FOR 
LIQUID OR GAS TRANSFER AND STORAGE 
GUICK-OPENING DOORS & COUPLINGS 
PLASTIC PRODUCTS FABRICATED TO 
CUSTOMER SPECIFICATIONS 


For Complete Information Write Dept. C-3 



MANUFACTURING & ENGINEERING, INC. 

5545 E. Slauson Avenue • Los Angeles 22, California 
OVerbrook 5-8070 
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► New Elint Technique— Countermeas- 
ures technique capable of determining 
unknown radar’s technique within 1% 
and direction— both azimuth and ele- 
vation— to within J deg. has been de- 
veloped by Electronic Specialty Co., 
Glendale. Calif. Necessary data can be 
obtained from a single radar pulse, 
company says. Equipment employing 
the tecliniqiie would weigh 30 lb., oc- 
cupy about 1 cu. ft., according to the 

► Dual-Purpose Satellites— Earth satel- 
lite system which could provide both 
countermeasures data and emergency 
communications with airborne bombers 
will be proposed soon to a number of 
military agencies by Electronic Spe- 
cialty Co. 

► Oscillistor Studies Pushed— The oscil- 
listor-a contraction of semiconductor 
oscillator— is being investigated by RCA 
Laboratories as a possible solid-state 
frequency selective amplifier. First out- 
lined at the Solid-State Device Re- 
search Conference by R. D. Larrabcc of 
RCA, the oscillistor' consists of a semi- 
conductor specimen subjected to a mag- 
netic field and connected through a 
d.c. power supply to a load. Frequency 
of oscillating voltages at the load are 
determined by magnitude and orienta- 
tion of the magnetic and electric fields 
and the surface condition of the semi- 
conductor. Work is now sponsored by 
a six-month Weight Air Development 
Division study contract entitled Molec- 
ular Tunable Amplifiers and Band Pass 

► West Coast Solid-State Research 
Conferences Begin— Series of West 
Coast solid-state devices research confer- 
ences got under way on Oct. 20 and 
21 at Stanford Research Institute. Spon- 
sored bv the West Coast Subcommittee 
on Solid State Devices of the American 
Institute of Electrical Engineers and 
the Institute of Radio Engineers Pro- 
fessional Group on Electronic Devices, 
the series will explore many facets of 
research in semiconductor, magnetic, 
and electro optical devices. Meetings 
are open to scientists and engineers 
who agree not to photograph slides or 
take notes so as to abet frank exchange 
of early or tentative research results. 

► Micromodular Components Division 
has been formed by Ling-Temco Elec- 
tronics, Inc., Dallas, to design, produce 
and market logic circuitry modules for 
transistorized computers, custom semi- 
conductor assemblies and high and low 
voltage rectifiers. Division will be 
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housed in space leased at IS 39 So. Man- 
chester Ave., Anaheim, Calif. 

► Air Force declared the first Ballistic 
Missile Early Warning System station at 
Thule, Greenland, operational Oct. 1. 
Second BMEWS station at Clear. 
Alaska, is scheduled to become opera- 

► General Electric Missile and Space 
Vehicle Department will build a solar 
test facility near Phoenix. Ariz., which 
will permit testing of the largest solar- 
powered static generating systems now 
being built for space applications. Fa- 
cility is to be ready by February. 

► Hamilton Standard Division of 
United Aircraft will produce a dead 
reckoning navigation system for the 
anti-submarine hydrofoil ship being de- 
veloped for the Navy by Boeing Air- 
plane Co. (AW Sept. 19, p. 171). 
System would include a navigation plot- 
ter; navigation analog computer; ship's 
course indicator; ship's speed and dis- 
tance indicator; and three control units, 
including range and bearing transmit- 


NEW AVIONIC 
PRODUCTS 


• Alpha-Numeric readout modules, vis- 
ible to 70 ft., display any English-al- 

f ihabct letter and any numeral from 
I through 9 in characters 3 in. high, 
2 in. wide. Indicating segments are 
white against black background. Op- 
erates on low power d.c. signal, from 1 
to 30 v., with response time of less 



than 0.1 sec. Two basic types; 203 
(momentary) and 204 (momentary or 
pulse-controlled latching). Modules, 
which can be fitted together or panel 
mounted, measure 3ft in. high, 211 in. 
deep, 2 IS in wide. Manufacturer; Al- 
lard Instrument Corp., 146 E. 2nd St., 
Mineola, Long Island, N. Y. 

• Voltage-to-frequency converter, called 
Magavcrter, produces output square 
wave whose frequency is directly pro- 
portional to applied (input) voltage. In- 
put-output linearity is within }% in 
standard configuration, while “Red Line 
Magavcrter” has linearity of 0.1% 



RADAR-BUSTING 

is our business 

Bendix-Pacific Division and Bendix Research 
Laboratories have developed an entire 
family of anti-radar guidance and detection 
systems — available in a wide variety 
of configurations for numerous applications 
in aircraft or missiles. Our engineers are 
available to discuss your specific requirements. 


Bendix-Pacific Division 
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with temperature stability better than 
i(l ppm/deg. C., according to manufac- 
turer. Eight standard models provide 
full range of output frequencies, from 
’0 cps. to 25,000 cps. Maximum full 
scale frequency is adjustable over a 4:1 
range with built-in attenuator. Standard 
units have input voltage ranges of 0-1, 
0-10 and 0-100 v. The static, solid-state 
tier ice measures approximately 41 x 31 
x5! in. Manufacturer: Pioneer Mag- 
netics. Inc.. S50 Pico Blvd., Santa 
Monica. Calif. 

• Militarized tape perforator, strength- 
ened for use in ground support equip- 
ment. operates at speeds from 0-30 col- 
umns per second on standard code chan- 



nels 5. 6. 7 or 8. Perforator is available 
with punches for metalized mylar tape. 
Manufacturer: Telecomputing Corp., 
Data Instruments Div.. 12838 Saticov 
St., North Hollywood, Calif. 



• High-power X-band klystron. Series 
VA-849, rated at 20 kw. continuous- 
ware (CW), for applications requiring 
very low AM and EM residual noise, is 
called highest CW power klystron ever 
offered for X-band. by manufacturer. 
Klystrons cover frequence range of 
7,125 to 8,500 me., are tunable over a 
60 me. band, provide power gain of 37 
db. and minimum bandwidth of 30 me. 
The synchronously tuned power gain 
and bandwidths are 53 db. and 15 me., 
respectively. Tubes arc focused clectro- 
magnctically. Manufacturer: Varian As- 
sociates. 61 1 Hansen Wav. Palo Alto, 
Calif. 

• Miniature telemetry power amplifier. 
Type 1 1 14A/1 1 14B. with 1 5 watts out- 
put, weighs only 14 oz. Amplifier oper- 
ates over entire 215 to 260 me. tele- 
metry band, at altitudes up to 100.000 
ft. Manufacturer: Tele-Dynamics Div.. 
American Bosch Anna Corp,. 5000 
Parkside Ave., Philadelphia, Pa. 
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reliability is designed into 
Motorola military electronic systems 
and equipment from the beginning... 
not patched on later... an inherent 
characteristic of all Motorola products 
for three decades. From cloud nine to 
assembly line, from original concept to 
completed military contract, uniform, 
dependable performance under severest 
operational environments is more than 
an objective.. .it is an obsession at 
Motorola. This spirit motivates 850 top 
scientists and engineers and more 
than 3000 technical specialists in all, 
deployed at Motorola’s six wholly- 
owned facilities, exclusively engaged 
in electronics for defense. 

military electronic programs has won Motorola 
its reputation and responsible roles in these, 
and other advanced fields: 



• Applied Research & Development in Microelectronics 

• Advanced Radar & Sonsor Developments 

• Solid State Developments in Materials t Devices 

• Navigation Systems & Equipment 

Formore detailed information, a comprehensive 
brochure will be mailed on request. 

Qualified technical personnel are invited to 
join recognized leaders in many fields of 
science at Motorola. ..and share in solving 
complex military electronics research, 

Write to the area of your choice. 
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All aspects ol America's present and future defense 
forces — detection, interception and retaliation — 
would be impossible without electronics. Checking 
out, aiming, launching, guiding and firing of missiles 
... all require electronic equipment of ever-greater 
sophistication. Every piece of this equipment, in 
turn, requires thousands or hundreds of thousands 
of extremely reliable semiconductors. Transitron — 
America's leading producer of quality semiconductor 
— is constantly developing even more reliable and 
more versatile semiconductors in anticipation 
of tomorrow's defense needs. 


wherever there’s electronics. ..there’s 


TRANSISTORS, DIODES, RECTIFIERS, SWITCH ES. REGULATORS, REFERENCES. ENCAPSULATIONS, THERMOELECTRICS 
TRANSITRON electronic corporation • wnkeHeld, melrose, boston, mass. • sales om«s in principal cniei tlir«i|lnul tlw U.S.A. an r Europe . cable aoaress: T8 EICO 



SPACE TECHNOLOGY 


Oscillating-Electron Ion Engine Tested 


By Michael Yaffec 


E. Hartford. Conn.— United Aircraft 
Corp. has entered the fast-growing 
electrical rocket propulsion field with 
an unusual oscillating-clectron bom- 
bardment ion source that produces a 
high-velocitv, electrically neutral plasma 


United’s Research Laboratories, which 
developed the ion drive with company 
funds, now has a research and develop- 
ment contract from the Air Force Re- 
search Division of the Air Research and 
Development Command to investigate 
the operating mechanisms of the device. 
The contract is to run for 15 months 
and, it is hoped, will lead to a develop- 


Principal attraction of UAC's ion 
drive is its reported ability to produce 
an electrically neutral beam. This al- 
leviates the space-charge effect— the 
buildup of an electrical charge on the 
vehicle which would draw the op- 
positely charged particles back onto the 
vehicle instead of permitting free exit 
into space— which limits the beam cur- 
rent or power of many of the other 
proposed ion rocket engines. This 
means that theoretically there is no 
limit to the thrust capability of the 
UAC device and that depending upon 
the availability of a suitable nuclear 
reactor or other power supply it could 
produce over 1,000 lb. of thrust if de- 
sired, according to UAC scientists. 


Strong Competitive Factor 

Moreover, they feel that this par- 
ticular ion drive gives UAC a strong 
competitive position with other com- 
panies whose ion engines still require 
development of means to successfully 
inject neutralizing electrons down- 
stream. Demonstration model of the 
UAC ion engine could be flown in a 
satellite within two years using a battery 

actual application of an ion engine is 
expected to be in the proposed 24-hr. 
communications satellite, wherein an 
ion engine, probably powered by the 
North American Aviation SNAP-8 nu- 
clear reactor, will be used to boost the 
satellite from a near-earth orbit to a 
"stationary” 22,500-mi. orbit. 

At the present time, there are four 
oscillating-clectron ion sources in op- 
eration at United Aircraft Corp. Re- 
search Laboratories here, each capable 
of producing up to ,01-lb. thrust accord- 
ing to company scientists. The first 
unit, which was built originally for in- 



WITH SOLENOID CART rolled back. United Aircraft Corp.’s oscillating-clectron ion engine 
can be seen above inside glass vacuum system used to simulate space environment. 





PREDICTED optimum operating efficiencies 
of cesium ion drive and United Aircraft ion 
engine arc plotted (on vertical scale) against 
specific impulse. Chart shows UAC device 
reaches its best efficiency (50-60%) at lower 
specific impulse than cesium engine. 

vestigation into the physics of very high 
temperature plasmas, is still being used 
primarily for the non-propulsivc plasma 
research. 

The other three units were designed 
and arc being utilized solely for space 
propulsion research. Among other 
things, UAC scientists are investigating 
different propellant feed systems. One 
device, for example, is being used for a 
study of condensable propellants such 
as mercury which may prove amenable 
to pumping simply by condensing the 
cxpcllant on a cold surface instead of 
requiring the large vacuum pumps now 
being used in test-stand work. In an- 
other unit, UAC scientists are inves- 
tigating the use of carbon dioxide as a 
propellant and, later, will probably ex- 

E lorc the propellant potential of other 
uinan waste byproducts. 

UAC scientists readily point out that 
their ion drive has another important 
advantage in that it can use any mate- 
rial as a propellant that can be vapor- 
ized at a temperature below that of the 
container material melting point which, 
in the case of tungsten tankage, would 
be approximately 6,200F. lire UAC 
ion drive, says group supervisor Dr. 
Russell Meyerand, Jr., is not limited as 
many other ion rockets arc to the high 
cost, low ionization potential, alkali 
metals such as cesium. To date, UAC 
researchers have used carbon dioxide, 
helium, neon, argon, hydrogen, nitro- 
gen, mercury, krypton and even hot 
breath (contained in a blown-up bal- 
loon) as working fluids. 

Ion Source 

Basically, the UAC oscillating-elec- 
tron ion source consists of a cathode, 
five anode rings and a ground ring 
joined to form a tube, a series of pan- 
cake solenoids which slip over the tube, 
and a backplatc at one end of the tube 
through which the cathode and propel- 
lant feed line project. 

The other components that would go 
to make up a complete propulsion svs- 


tem—nuclear reactor or other power 
source, heat exchanger, turbine, gener- 
ator and radiator— are not part of the 
present UAC Research Laboratories 
project which is concerned only with 
ion drive itself. For the most part, 
these other components will be common 
to all electrical propulsion systems and 
are generally being investigated inde- 
pendently. North American Aviation, 
for example, is building the SNAP 8 
reactor, Aerojet-General is developing 
the power conversion equipment for the 
reactor, and Pratt & Whitney and other 
groups are doing research" on space 
radiators. 

Development of each of these com- 
ponents or subsystems entails its own 
special problems. In the case of the 
radiator, for example, walls and tubing 
will hare to be made strong enough to 
protect against meteoroid penetration 
and this could add significantly to the 
weight problem. It is conceivable, says 
one NASA scientist, that in an electrical 
propulsion system using a 100-megawatt 
reactor and with a 20-megawatt ion 
drive, radiator weight might run any- 
where from 42,000 lb. to more than 
1 million lb. 

How it Works 

Briefly, this is how UAC's oscillating- 
electron bombardment ion drive works. 
Alternating current is fed to the cathode 
which is a nickel screen covered with 
lanthium hexaboride. The electrons 
emitted from the cathode and attracted 
by the five positively-charged anode 
rings travel down to the open end of the 
tube. Here, the electrons come under 
the influence of the grounded ring 
which forms the last segment of the 
tube and is at the same potential as the 
cathode. Thus, instead of escaping out 
the end of the tube, the electrons are 
repelled back toward the cathode. 
Trapped in effect in this potential 
"well,” the electrons oscillate axially in 
the tube. 

Although some of the electrons travel 
radially to the walls of the tube where 
they are lost to the anodes, most of 
them arc constrained by the solenoid's 
magnetic field and oscillate along the 
longitudinal axis of the tube. Current 
through the solenoid coil surrounding 
the tube creates a strong magnetic field 
in the tube whose lines of force run 
parallel to the tube axis. Tire charged 
electrons and ions are tied to these lines 
of force and move in helical paths along 

The electrically neutral working fluid 
is introduced into the tube or duct at 
pressures of 10' s to 10” mm. of mer- 
cury. (In the laboratory, the ion drive 
is enclosed in a glass vacuum system 
which, of course, would be unnecessary 
in the natural vacuum of space.) Bom- 
barded by the oscillating electrons, the 
neutral propellant molecules lose an 



General Electric contributes to another space FIRST . 


How NERV 
Space 

NASA’s Nuclear Emulsion Re- 
covery Vehicle, developed by 
General Electric Missile and 
Space Vehicle Department, is 
highest space probe ever to be 
recovered. 

Another major step in space ex- 
ploration was achieved September 
19 when NASA’s first NERV— 
Nuclear Emulsion Recovery Ve- 
hicle — was successfully recovered 
after a 1200 nautical mile-high flight 
into the Van Allen space radiation 
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Electrical Rockets 

Current interest ill electrical propulsion systems is due perhaps more than anything 
else to the development of the new. high-thrust chemical boosters with large 
payload capabilities. 

Low-thrust electrical rocket propulsion systems are most effective and practical in 
space where they can produce almost unlimited jet velocities with an extremely 
small consumption of fuel. Too, in space, where the effect of gravity is negligible, the 
large mass of the electrical propulsion system— the ion drive along with the power 
supply, turbine, generator and propellant system— is no longer the problem it is on 
earth or in the atmosphere. 

Basically, electrical propulsion systems can be divided into three groups: the 
electrostatic rocket in which the working fluid (the positively-charged ions and nega- 
tively-charged electrons) is accelerated by voltage alone to the desired ejection 
velocity; the electromagnetic rocket in which an electrically induced magnetic force 
is used to accelerate the charged particles: and the electrothermal rocket in which 
electrical energy is used just to heat a propellant gas which is then expended rear- 
ward through a nozzle without the aid of electrical or magnetic fields. The govern- 
ment. through NASA, the military services and contracts with private industry, is 
currently investigating all three groups. 

These three basic types of electrical propulsion arc then further divided and 
classified as follows: 

• Electrostatic rocket; most electrical propulsion work today is concentrated in this 
category. Aerojet-General. Convair. Curtiss- Wright. Electro-Optical, General Electric. 
Goodrich-IIigli Voltage. Hughes. Martin. Rockctdync. Thompson Ranm Wooldridge, 
and United Aircraft are believed to be among the industry firms presently carrying out 
research and development in this area. 

A. Ton rocket engines. 

1. Surface contact engines, probably the most popular today, in which ions are 
formed wTien materials with low ionization potentials such as cesium and rubidium 
come into contact w-ith the heated surfaces of metals such as tungsten and plati- 
num which have high u'ork functions. 

2. Bombardment engines in which ions are formed by electron impact on neutral 
propellant material. Examples of this group are the duo-plasmatron and the 
oscillating electron drives. 

B. Colloid rocket engines. Here, charged particles (colloids or even ionized dust) 
much larger and heavier than ions (but still generally less than one micron in 
diameter) arc accelerated electrostatically. 

• Electromagnetic rocket: At the present time, there are roughly three basically 
different types of plasma or magnctohydrodynamic (MHD) rocket engines. In all of 
them, the plasma is produced cither by arc discharge or induction heating and then 
accelerated clectromagneticallv. 

A. Traveling wave accelerator. Plasma produced by induction heating is caught 
between traveling magnetic waves and accelerated through a tube. 

B. Plasma gun. Plasma is accelerated by current flowing within the plasma inter- 
acting with an externally produced magnetic field except in the case of the pinch 
type engine in which the magnetic field is internally generated. Besides the pinch 
type device, the engines in this category include the magnctohydrodynamic shock 
tube, plasmoid guns. MHD rotor accelerator. Kolbc tube, and transient magnetic 
field accelerator. 

For the most part, research and development on electromagnetic propulsion is 
being carried out in government and university laboratories such as those of 
University of California Radiation Laboratory at Livermore. Los Alamos Scientific 
Laboratory, Stevens Institute of Technology and Temple University and the 
National Aeronautics and Space Administration. In industry. Republic, General Elec- 
tric, Fairchild, Lockheed and Borg Warner are among those believed to be working 

C- MHD accelerator and plasma pumps. Plasma produced by external means is 
pumped and accelerated out a duct by a force created by crossed electrostatic and 
magnetic fields applied to the plasma. 

• Electrothermal rocket: As indicated by the name, this group technically falls be- 
tween the true electrical rocket and the true thermal rocket. In the arc jet or plasma 
jet engine, the working fluid or gas is heated by electric arc discharge and expanded 
supersonically through a rocket nozzle to produce thrust. 

Most of the work currently under way on electrothermal propulsion devices stems 
from the development and use of plasma jets as research tools in re-entry vehicle 

Avco, General Electric and Giannini arc among the firms reported to be working 
presently on electrothermal propulsion units. 


electron and become positively charged 

The secondary electrons, those 
knocked off the propellant molecules, 
also become trapped and oscillate. 

The electrostatic potential well whose 
profile has been shaped by the research- 
ers (by altering the voltage on the dif- 
ferent electrodes) to trap electrons, acts 
as a potential "hill" for the ions, accel- 
erating them in a directed beam out of 
the tube. At the same time, say UAC 
researchers, it has been found that as a 
result of the system's high electron 
mobility, the copious quantities of elec- 
trons available in the oscillating electron 
current and the presence of ion space- 
charge field, electrons are drawn into 
the ion beam, creating an electrically 
neutral plasma exhaust. The velocity of 
the exhaust beam cm be altered to suit 
a specific mission requirement, they add, 
by altering the voltages on the elec- 
trodes or by using a different molecular 
weight propellant. 

Not only is the exhaust beam neutral 
in density (that is, the number of nega- 
tive electrons equals the number of 
positive ions in a given volume of expel- 
lant). it is emphasized, but it is also 
equal in current (that is, the number of 
electrons and ions ejected in a given 
amount of time is the same). To verify 
this. UAC researchers have transmitted 
microwave beams through the exhaust. 
Diffraction of the beam indicates that 
electrons are definitely present in the 
exhaust, and measurement of the phase 
shift of the microwave beam shows an 
equal density of electrons and ions. 
UAC researchers have also put a Lang- 
muir probe in the exhaust and inde- 
pendently measured the plasma poten- 
tial and electron density. 

This ability to produce an electrically 
neutral beam, which is the principal ad- 
vantage claimed for the UAC device 
over other ion drives, is most important, 
says Dr. Meverand. If the density of 
electrons and ions in the exhaust were 
unequal, a space charge would build up 
in the ion drive. Tire excess type of 
charge would slow down similar type 
charges trying to leave the exhaust duct, 
therein limiting current and thrust and 
also, by repelling each other, would 
spread the exhaust beam apart, creating 
a loss in horizontal thrust components. 

If the currents (number of charged 
particles exhausted in the same time) 
arc unequal, a charge would build up on 
the vehicle. This would cause oppo- 
sitely charged particles in the exhaust to 
curve back onto the vehicle and after 
perhaps only a microsecond, the engine 
would stop. 

In other types of ion engines, an 
electron emitter is located downstream 
to reinject electrons into the ion beam, 
generally right after the beam leaves 
the accelerator section. However, beam 


AVIATION WEEK, October 31, 1960 



neutralization is proving a big problem; 
and, says Dr. Meverand, there is still 
some doubt that electrons can be suc- 
cessfully injected into ion beams. 

As far as the performance of the 
UAC Research Laboratories’ oscillating- 
electron ion drive goes. Dr. Meverand 
and his group have computed a number 
of design parameters. 

Among the more significant of these 
are the following: 

• Specific impulse. The UAC ion 
rocket will operate at specific impulses 
ranging from 2,000 to 10,000 see. 

• Thrust. To date, the device has pro- 
duced thrusts estimated at .01 lb. In 
the future, thrust theoretically will be 
limited only by the available power 

• Efficiency. Present engines arc run- 
ning at 10-25% efficiencies; later units 
should achieve efficiencies as high as 
50-60%. 

• Thmst-to-weight ratio. This ratio 
should maintain itself at 1 O'*. 

• Beam current and power. UAC scien- 
tists so far have obtained beam currents 
of 5 amp. and beam powers of 400 watts 
and eventually expect to obtain cur- 
rents of 20 amp. and powers up to 10 

• Voltage. Present and anticipated op- 
erating voltages range from 200 to 
1,000 volts. 

• Mass. Ion drive itself will weigh 200 
lb., while the power supply and other 
propulsion components will weigh ap- 
proximately the same as for other elec- 
trical propulsion systems. 

• Power consumption. Present con- 
sumption is 1 kw. and will go to 300 
kw. in later units. 

• Propellant consumption. Operating at 
a specific impulse of 4,000 sec. and at 
a power input of 16.3 kw., a UAC 
ion rocket will use .OS lb. of argon per 
hour to produce a thrust of 0.1 lb. 

• Design lifetime. UAC researchers es- 
timate 10,000 hr. or more. 

Most ion propulsion systems de- 
signed so far have specific impulses be- 
tween 5,000 and 25,000 sec.; and, 
according to the Martin Co.’s William 
R. Corliss, by 1965, the cesium surface 
contact ion rocket is expected to achieve 
an efficiency of 73%. For certain mis- 
sions, however, particularly those of 
more immediate interest such as rais- 
ing an earth satellite to a 24-lir. orbit, 
says Dr. Meverand, specific impulses in 
the 2,000-5,000 see. range appear more 
attractive. 

It is in this range, he adds, the 
oscillating-clectron ion drive outshines 
other electrical rockets such as the 
cesium ion drive. For example, he says, 
in raising a satellite from a 300-mi. 
orbit to a 22,500-mi. orbit, the cesium 
rocket would take 30 days and would 
have a pavload-to-gross weight ratio of 
only 40% while the oscillating-clectron 
engine could do the job in 15 days 


with a pavload-to-gross weight ratio 
of 50%. 

The reason for this, he says, is that 
the oscillating-clectron ion engine 
achieves its best predicted efficiency 
(50-60%) at a specific impulse of 
approximately 2,500 sec. The cesium 
ion rocket doesn't match this efficiency 
until reaching specific impulses of 5,000 
to 6,000 sec., and doesn't achieve its 
best predicted efficiency (75-85%) 
until operating at specific impulses 
above 11,000 sec. 

It is in the specific impulse range of 
2,000-5,000 sec., Dr. Meyerand says, 
that the problem of space charge cur- 
rent limitation becomes most severe for 


the surface contact ion type of engines. 
For a cesium ion drive to overcome the 
space charge limitation and produce 
more current (ions/sec.) or thrust, the 
voltage applied to the anodes can be 
increased, but this means a much 
larger and heavier power supply will 
be needed. While thrust goes up 
linearly with the exhaust velocity or 
specific impulse, Dr. Meyerand points 
out the electrical energy required to 
accelerate the charged particles to a 
given exhaust velocity goes up with 
the square of the velocity. 

It is unlikely that UAC's oscillating- 
clectron ion engine xvill ever require 
more than 1,000 volts, he says, while 


The Hours Here 
Are The 
Most Critical 
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COLLINS, 

ALPHA 

CAPTURE 

AN 

‘ECHO’ 

TO 

BEGIN 

A 

NEW 

ERA 

IN 

RADIO 

COMMUNICATION 

The first hvo-way voice communication 
using the Echo I satellite was made 
by Collins Radio Company in 
Iowa and its systems subsidiary. 

Alpha Corporation of Texas. Collins also 
conducted signal measurements, 
relayed teletype messages and even a 
news photo. Participation in NASA’s 
Echo project is representative of 
Collins’ space research. Other studies 
involve upper atmosphere radiation, and 
systems evaluation associated with 
space vehicle programs, including a 
lunar “soft" landing. Collins also 
designed the first radio sextant and 
provided communication systems 
for Project Mercury and the 
X-15 rocket ship. 

Challenging opportunities for engineers 
and scientists at all locations. 





COLLINS RADIO COMPANY 
ALPHA CORPORATION 
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it is conceivable that other electrical 
drives such as the cesium rocket will 
require potentials as high as 50,000 
volts. Among other things, it is claimed, 
this will make the oscillating-clectron 
device more compatible with low volt- 
age thermionic and thermoelectric units 
and could result in considerable savings 
in weight. 

There is. of course, still a great deal 
of work to be done before the oscil- 
lating-clcctron ion drive becomes a 
flyablc reality. Among the problem 
areas and little understood phenomena 
currently under study or marked for 
future investigation here at United 
Aircraft Corp. Research Laboratories 
are the following: 

• Desigii of the potential “well” and 
"hill." In an effort to obtain greater 
thrust, UAC scientists are experiment- 
ing with different electric field shapes, 
seeking ways to increase ion current 
while maintaining a relatively constant 
ion energy distribution. 

• Thrust ioss. Related efforts arc under 
way to understand and reduce the 
phenomena of thrust loss caused by 
ions going to the cathode instead of 
out the other end. By altering the shape 
of the electrical field, among other 
things, UAC researchers hope to reduce 
ion loss to the cathode at least to 10%. 

• Sputtering. A problem common to 
most electrical propulsion svstems, 
sputtering is caused bv the highly ac- 
celerated maverick ions that hit the 
cathode and knock off chunks of ma- 
terial. UAC researchers hope to 
minimize this problem again through 
better electrical field design and through 
use of stronger cathode materials, 
different cathode designs and different 
propellant injection points. 

• Electron loss. Some oscillating elec- 
trons are lost quickly to the anodes, 
creating heat and having done little 
useful work. This also means that 
more current has to be supplied to the 
cathode so that new electrons can be 
drawn off to replace those that arc lost. 
Again through improved “well" design 
and solenoid optimization, researchers 
hope to trap electrons more effectively. 

• Efficiency. UAC scientists arc work- 
ing on ways to improve the over-all 
efficiency of their ion drive. This over- 
all figure is actually derived from two 
components, working fluid utilization 
efficiency and power conversion effi- 
ciency (beam power/input power). 

To improve propellant utilization 
efficiency (that is, minimize the amount 
of working fluid that passes out of the 
device before it is ionized) and power 
conversion efficiency, experimenters 
among other things arc varying the 
shape of the potential “well," strength 
of the magnetic field, gas pressures, 
gas feed points, cathode and anode 
design, and voltage levels. 


Large Solid Booster 
Study Areas Assigned 

Washington— Three companies se- 
lected to conduct preliminary design 
studies on solid propellant boosters 
weighing 1 million and 7 million lb. 
have been assigned specific studv areas 
by NASA. 

Grand Central Rocket Co. will study 
and design a million-pound first stage; 
Thiokol Chemical Co. has been as- 
signed the 7 million lb. first stage, and 
Aerojet-General will study and design 
stages for vehicles in both weight 
classes. 

Solid propellant super booster mo- 
tors theoretically can have thrust levels 
two to three times the vehicle weight, 
and the NASA studies are being con- 
ducted to determine the ability of solids 
to compete with chemical engines in 
Saturn and Nova booster classes. 

The three firms will conduct inde- 
pendent six-month studies. They will 
share approximately 5225,000 in the 
contracts (AW Sept. 19, p. 28). 



Argo Flare Carrier 

Aerolab Development Co.’s Argo E-5 will 
be used to carry flash cartridges to 1,000-mi. 
altitude in mapping experiments to begin 
in January at Wallops Island, Va. USAF 

which will use triangulation method to de- 
termine the exact distance between camera 
sites. Aerolab is contractor for five-stage 
rockets and payloads. 
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Dyna-Soar Flight Tests Will Involve 
Major Geophysical Experiments 


By William S. Reed 

Los Angeles— Dyna-Soar is expected 
to serve as a testbed for geophysical ex- 
periments during its flight-test program. 
Capt. F. R. Anderton of USAF Flight 
Test Center. Edwards AFB. told the 
Society of Experimental Test Pilots 
here. 

Anderton, an aeronautical research 
engineer in the Manned Spacecraft En- 
gineering Office of the Flight Test Cen- 
ter, said geophysical experiments have 
been proposed to determine upper at- 
mosphere density, pressure, tempera- 
ture and composition as well as meteor- 

Major objectives of the Dyna-Soar 
boost-glide vehicle program will be to 
explore the hypersonic flight regime. 


feet a conventional landing through 
pilot control, and to evaluate man’s ca- 
pability as an integral part of the con- 
trol system loop. 

An example Anderton used to de- 
scribe the magnitude of the research 
program is that it will be necessary to 
design and fabricate special-purpose 
bolts for Dyna-Soar which can carry 
loads uniformly yet be resistant to the 
extreme temperatures encountered dur- 
ing hypersonic flight. 

Significant advances have been made 
in the knowledge of hypersonic flow, 
but there are many perplexing problems 
yet unsolved. Mathematical description 


of hypersonic flow is a difficult prob- 
lem especially when real gas effects, 
viscosity and vehicle configuration are 
considered. Since present theoretical 
and empirical expressions allow only ap- 
proximate solutions, it has become nec- 
essary to rely upon wind tunnel data for 
evaluation of hypersonic flow field par- 
ameters. An extensile free-flight model 
and wind-tunnel test program is sched- 
uled for Dyna-Soar which is roughly 
more than three times more extensive 
than that expended on the North Amer- 
ican X-15. The tests will take place in 
at least five different wind tunnels so 
that the limitations of any one tunnel 
can be eliminated from the data, he 

Transonic Tests 

Transonic tests are of particular in- 
terest because of the compromises made 
in this regime to provide satisfactory 
aerodynamic characteristics at hvper- 

The design of a control system for a 
hypersonic glider is a difficult task be- 
cause of the wide range of speed and 
altitude through which the vehicle op- 
erates. Lack of aerodynamic damping 
at high Mach numbers and the problem 
of low efficiency of aerodynamic con- 
trol with the vehicle's long period mo- 
tion at low aerodynamic pressures com- 
bine to make vehicle control at high 
speed and altitude difficult. Anderton 
pointed out that there are severe cross- 



Photo Bounced Off Courier Satellite 

This photo of four U. S. Army scientists responsible for Project Courier communications 
satellite was sent from U. S. Army Signal Corps ground station (AW Oct. 17, p. 71) to the 
satellite, received and then retransmitted to Ft. Monmouth, N. J. Scientists (seated) are 
Walter P. Teetsel, left, in charge of ground sites, and Samuel Findlcr. ground station 
manager. Standing are Project Manager P. W. Siglin. left, and Director G. F. Scnn. 
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coupling effects also attendant with the 
high angles of attack characteristic of 
Dvna-Sonr. Information from the X-l 5 
flight-test program will be helpful since 
that aircraft will investigate the region 
of flow dynamic pressure and will derive 
information on the operation of reac- 
tion control systems. 

The flight-test program consists es- 
sentially of these three phases: 

• Air launch phase which will have the 
Dyna-Soar glider carried aloft under a 
Boeing B-52. A small rocket engine will 
enable the Dyna-Soar to reach low sup- 
ersonic speeds allowing the investigation 
of low supersonic stability and control 
characteristics, trim ability and maneuv- 
ering capabilities. Data also will be 
gathered on subsystem operation, ve- 
hicle handling qualities, landing char- 
acteristics and structural integrity. In- 
herent in these objectives is the deter- 
mination of vehicle lift-drag character- 
istics, stability augmentation system 
operation, center of pressure shift, and 
stability and control. 

• Unmanned ground-launch phase has 
as its main objectives the functional and 
structural demonstration of the booster- 
glider combination and the evaluation 
of the escape systems. Vibration and 
noise also will be evaluated at this time. 
Demonstration of separation character- 
istics; i.e.. separation of the second stage 
of the booster from the first, and separa- 
tion of the vehicle from the second 
stage, also is an important part of the 
unmanned program. If feasible, the ve- 
hicle will be glided after separation from 
the booster in order to obtain aerody- 
namic performance and stability and 
control data. 

• Manned ground-launched program 
will consist of a scries of flights in 
which the booster burnout velocity is 
incrementally increased as the program 
proceeds. Flights are planned to explore 
the stability and control and thermody- 
namic flight parameters in a systematic 
and progressive manner so that maxi- 
mum safety and confidence in each 
flight can be maintained. During the 
manned program, data such as pressure, 
temperature, velocity and altitude will 
be obtained. Determination of man’s 
contribution of discretionary judgment 
to achieve optimum performance and 
reliability also will be achieved during 
flight test as well as an evaluation of 
the vehicle’s subsystems. 

Program status of the X-l 5 rocket re- 
search vehicle was reviewed by Maj. R. 
M. \Vhite, USAF, and J. A'. Walker. 
NASA, including their respective alti- 
tude and high-speed record flights. 
White described the sequence of events 
which occurred on his altitude flight of 
Aug. 12 as follows: 

After launch from the B-52 at 45,- 
000 ft., all eight thrust chambers were 
lighted while an 8-deg. angle of attack 
was maintained. With the application 
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of thrust, the initial altitude loss was 
arrested at about 39,000 ft. and a climb 
maintained to 60,000 ft. At this alti- 
tude, the aircraft was accelerated to 
Mach 1.9, after which a 1.5g pullup was 
initiated and maintained until attaining 
full back stick at 18.5-deg. angle of at- 
tack. Full aft longitudinal control cor- 
responds to 35 deg. of stabilizer de- 
flection and the airplane’s pitch angle 
at this point was 48.5 deg. Engine burn- 
out occurred at 118,000 ft. at an angle 
of attack of 10 deg. 

Following a zero-lift trajectory, maxi- 
mum altitude was reached. At burnout. 
10-dcg. rather than zero-deg. angle of 
attack was maintained. Confidence in 
the analog simulator work which indi- 
cated satisfactory stability at low dy- 
namic pressure was one of the reasons 
for maintaining the 10-deg. entry angle 
of attack, rather than going to zero lift 
over the top. Dynamic pressure over the 
top was 10.6 psf. at Mach 1.65. The 
aircraft response was slow but positive. 
An angle of attack oscillation of ±3 deg. 
within an 8-sec. period persisted over 
the top but was hardly noticeable, ex- 
cept for movement of the angle of at- 
tack needle. After passing peak altitude, 
mite concentrated on stabilizing for 
the entry. The aircraft rotated easily to 
a maximum 2.6g and arrived level at 

50.000 ft. The peak Mach number at 
entry was 2.5. The aircraft was at less 
than 0.16g for approximately 43 sec. 
and less than 0.2g for more than a min- 
ute. Stabilizer angle required to main- 
tain angle of attack during the entry 
was 20 deg. out of a 35-deg. angle avail- 
able. 

Maximum-Speed Flight 

The maximum-speed flight was made 
on Aug. 4, three months after Walker’s 
third flight in the X-l 5. Practice on the 
flight plan and working out of flight- 
plan details by use of a ground simulator 
and landing practice with a Lockheed 
F-104 proved to be a good substitute 
for flight in the X-15 itself, Walker 
said. 

Launch from the B-52 was made 
over Silver Lake at an altitude of 45,000 
ft. and at Mach 0.82. During engine 
start, the angle of attack reached about 
10 deg. and the airplane dropped to 

38.000 ft. before it began to climb. A 
relatively large unstable trim change 
exists between Mach 1.2 and 1.5 but 
no difficulty was encountered in main- 
taining an S-deg. angle-of-attack climb 
schedule for maximum lift/drag ratio. 
At 75,000 ft., at Mach 2.2, pushover to 
zero was initiated and Walker observed 
that as the angle of attack approached 
zero a slow lateral oscillation devel- 
oped. The oscillation tended to reduce 
in amplitude as the angle of attack and 
pitching velocity approached zero. At 
the peak altitude of 80,000 ft., at Mach 
2.6, Walker rotated the aircraft to 
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0.5g and maintained this level for the 
remainder of the powered flight. A 
gradual increasing dive angle was ob- 
tained during the acceleration to max- 
imum speed. Burnout occurred at 69,- 
000 ft., after the Machmetcr had in- 
dicated above 3.5. Later, this was cor- 


rected downward ro 3.31 from internal 
recordings and radar data. 

After burnout, drag data and stability 
and control data were taken following 
which his attention was turned to land- 
ing the X-l 5 on the dry lake at Edwards 
AFB. 


Heart Failure Threat to Astronauts 


Dayton, Ohio— Cardiovascular failure 
poses a significant threat to the lives of 
astronauts, according to Dr. G. Douglas 
Talbot, heart specialist and cardiovascu- 
lar consultant to U. S. Air Force. 

This threat is of concern to medical 
men in Project Mercury and will be of 
even more concern to those associated 
with later space flight projects. Dr. 
Talbot told the American Rocket So- 
ciety conference here on the anatomy of 
manned-space operation. 

Other than failure of the vehicle it- 
self, the combined effect of zero-gravity, 
accelerations and stress on the human 
cardiovascular system is perhaps the 
greatest danger Mercury astronauts will 
face. Subject of an intensive research 
program by Air Force, cardiovascular 
failure promises to become a signifi- 
cantly greater threat to pilots of inter- 
planetary vehicles where the effects of 
zero-gravitv and other factors will be 
considerably prolonged. 

Results of extensive examinations 
with the newest techniques and equip- 
ment available indicate that the Mer- 
cury astronauts arc free of any signs of 
cardiovascular trouble. Moreover, Dr. 
Talbot said it is hoped that the train- 
ing program devised for these men will 
keep them free of any disposition to 
deposit arterial fat or of any other signs 
pointing to cardiovascular trouble. 

Another speaker, Dr. William F. 
Ashe, professor of aviation and preven- 
tive medicine at Ohio State University 
medical school, reported a potential 
space flight communications problem. 
It was accidentally discovered in recent 
research at Ohio State. Dr. Ashe said, 
that if a subject— say an astronaut dur- 
ing re-entry— is vibrated at frequencies 
of 12-30 cps. in amplitudes from 0.1- 
0.25 in. he can’t control the air flow in 
his trachea and his speech becomes un- 
intelligible. 

Dr. Ashe also raised the possibility 
which was indicated in experimenting 
with rats that astronauts might be forc- 
ibly lulled to sleep, in a manner remi- 
niscent of cradle rocking, if subjected 
to low frequency’ vibrations. 

In a report scheduled for the meeting 
but not presented. The Martin Co.’s 
Edward C. Wortz said that human 
error is responsible for 25-30% of all 
missile system malfunctions reported 
each month. (Copies of the report, 
which were available at the start of the 
conference, were withdrawn later at 


the request of The Martin Co.) 

With better malfunction reporting, 
Wortz estimated, human error or 
human-initiated failures probably would 
show up as the cause of 30-50% of all 
reported equipment failures and 1 5- 
20% of all unscheduled holds. Pre- 
liminary results of a remedial program 
recently undertaken by Martin at its 
Denver facility indicated that the four 
most important "probable failure 

• Poor workmanship resulting in con- 
demned items. 


ures, specifications, modifications, etc. 

• Incorrect installation of an item. 

Recommendations concerning spe- 
cific problems uncovered by this pro- 
gram, according to Wortz, have led to 
equipment redesign and procedural 
changes which have eliminated a num- 
ber of costly human-initiated failures. 

Eugene B. Konecci. chief of the life 
sciences section at Douglas Aircraft, 
discussed the growing importance of 
human factors in missiles and space sys- 
tems design. A good example, he told 
Aviation Week, is his section at Doug- 
las which started out two years ago with 
three persons and now requires 57. At 
the present time, eight of his human 
factors specialists, figured on a time 
basis, arc working on the Skybolt 
ALBM and four are working on Nike 
Zeus. 

Recently, Konecci’s section acquired 
the responsibility for human factors in 
transport design, an area for which he 
sees significant growth potential associ- 
ated with the development of super- 
sonic and hypersonic transports. 

Approximately 110 life science spe- 
cialists attended the conference, first 
meeting held by ARS’ Technical Com- 
mittee on Human Factors and Bio- 
Astronautics. 

Japan Plans Space, 
Satellite Programs 

Tokyo— Japan will undertake for the 
first time various full-scale space proj- 
ccts-including a satellite— in Fiscal 1961 
which begins next April. Government 
has budgeted S3 million for the pro- 
gram. 

Japan’s Space Development Council, 
headed by Kankuro Kaneshige, hon- 
orary professor at Tokyo University, 
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Today is obsolete... 

The “breakthrough" of every sunrise symbolizes the day-to- 
day race with obsolescence which challenges our nation and 
its scientific teams. While many achievements today are awe 
inspiring, no technological group or organization can rest on 
its laurels in this highly-competitive cold war era. 

To reach beyond today’s horizon, with discoveries that are 
meaningful for tomorrow, is the goal of Sperry research. 
Toward continued progress in air and sea transportation and 
in critical aspects of national defense, our program encom- 
passes research-in-depth under such headings as electromag- 
netic radiation, gyroscopic phenomena, electron beam inter- 
actions, materials sciences, mathematic analysis. 


To some, the promise inherent in much we explore today 
may sometimes be hidden in such exotic terminology as 
magnetohydrodynamics, cryogenics, spin resonance, ion pro- 
pulsion, plasma physics. In these and other fields, our resolve 
to bridge the gap between initial inquiry and reduction to 
practice will expedite the widespread application of these 
new technologies. 

Research at Sperry will make continuing, significant con- 
tributions to our rapidly expanding environment as the nation 
and the free world seek a more peaceful and meaningful way 
of life. General Offices: Great Neck, N. Y. 


Hawker Siddeley Aviation 


has submitted a recommendation to 
Prime Minister Hayato Ikeda for the 


undertaken in Fiscal 1961 and 1962: 


observation rockets, now being de- 
signed by Tokyo University’s Industrial 
Science Research Institute, in Fiscal 



will be 
ie altitude as 
, carrying observation cquip- 
:nt weighing from 44 to 66 lb. 
urces said a tota 


Research Institute in preparation 

will be n 
• Start i 
nbscrvati< 

will be capable of reaching maximum 
249 mi. m Fiscal 1961 and launch 
them in the following fiscal vear. 

’ ' ’ ’ g an artificial satellite 

in preparation for such 
Japan reaches launch 


WHAT'S NEW 


Publications Received: 

Countdown— The Story of Cape Can- 
averal— William Rov Shelton— Little. 
Brown and Co., Boston, Mass. S3.50; 
1S5 pp. A book for young people ex- 
plaining the launching of missiles. Illus- 
trations of rockets and life at Canaveral 
arc included. 

Practical Air Navigation— Thoburn C, 
Lvon, Consultant— Weems System of 
Navigation, Inc.. Annapolis. Md. 
S4.00; 384 pp. paperbound. The com- 
mercial edition of the former Civil Aero- 
nautics Bulletin No. 24. Study guide for 
all FAA pilot ratings. 

Learning to Flv— John II. Holland— 
llolt. Rinehart and Winston, Inc.. 383 
Madison Ave„ New York 17. N. Y. 
S5.00: 236 pp. Written in accordance 
with the latest FAA licensing pro- 
cedures. Includes instructions for con- 
trolling speed, rolling, taxiing, turning, 


* ENGLAND * 

AIRCRAFT GUIDANCE 

AND 

GYRO SYSTEMS 





Mr. R. L. CHITTY, Personnel Supervisor 

HAWKER AIRCRAFT LIMITED 

RICHMOND ROAD, KINGSTON-UPON-THAMES, SURREY, ENGLAND 
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Siegler selected 
to produce electronic 
launch control system 
for silo-launched 
ATLAS I CBM 


<^g 


Convair- Astronautics Division of General Dynamics and the U. S. Air 
Force have selected Siegler for production of the automatic electronic 
launch control system of the mighty Atlas. Production is now in progress 
under a major multi-division contract awarded The Siegler Corporation. 
The Siegler team in this top-priority project includes Siegler's Hallamore, 
Hufford, and Magnetic Amplifiers divisions. 

Selection of Siegler for this vital defense requirement demonstrates 
recognition of Siegler’s superior performance... outstanding performance 
deriving from divisional coordination under the dynamic Siegler basic 
corporate concept: Progressive management of diverse activities with 
outstanding military , industrial, commercial and consumer capabilities 
— in order to bring to each of these fit-ids the strengths of the others. 
For information concerning Siegler's capabilities in your field, address 
The Siegler Corporation, at address below. 


THE SIEGLER CORPORATION 


610 South Harvard Boulevard, Los Angeles 5. 1 



MISSILE ENGINEERING 


ICBM Base Program Regaining Lost Time 


By Larry Booda 

Washington— Intercontinental ballis- 
tic missile site activation program ap- 
pears to be regaining lost time after 
suffering growing pains which hit the 
Air Force, Army, Defense Department, 
missile contractors, construction firms 
and labor unions. 

Major efforts to case construction and 
activation problems have been made 
since they became acute last spring. 
1 hese efforts included meetings between 
Defense Secretary Thomas S. Gates and 
contractors in July and labor leaders in 
September. These meetings inspired a 
greater sense of urgency in contractors 
and labor leaders and focused attention 
on the need for central management on 
the military side. 

Management Roadblocks 

As a result, major management road- 
blocks appear to have been overcome 
and relatively harmonious project rela- 
tionships have developed as administra- 
tive procedures have been changed and 
management teams have been reorgan- 
ized (AW Aug. 1, p. 26). 

Scope of the base activation problem 
was described recently by Maj. Gen. 


Thomas P. Gerrity. who was installed 
as commander of Ballistic Missile Cen- 
ter last summer with the task of solving 
the problem. He said: 

"The marriage of precision equip- 
ment with a heavy concrete and steel 
structure so that the two will work as a 
single unit has caused problems that 
were largely unpredictcd. The numbers 
and types of people required on site 
have exceeded our expectations by as 
many as five times. What once was 
considered a relatively simple job of 
hooking together a few pieces of equip- 
ment and pushing the button to see 
that it worked has turned into some- 
thing of a monster. We can lick this 
monster if we reorganize and respect it 
for what it is and gear our efforts 
accordingly. 

"Each of our 17 bases has different 
management teams, and each team has 
different workers. The problem is to 
establish an effective learning curve 
under these circumstances. In the fac- 
tory, one management-production team 
learns by performing rcpetitiously the 
same operation on succeeding produc- 

“Bccause of compressed schedules in 
the site activation program, little oppor- 


tunity exists to move management and 
workers from site to site and establish 
a learning curve in this manner. There- 
fore, we must develop new and more 
effective methods to transfer know-how 
gained on earlier bases to those sites to 
be activated at a later date.” 
Differing Ideas 

Although the Army Corps of Engi- 
neers and general contractors have a 
large pool of experience to draw upon 
for base construction, the missile site 
activation program caught this team 
between an accelerated program of great 
magnitude required bv an Air Force, 
which was relatively inexperienced in 
making specifications and in some in- 
stances undecided on them, and prime 
missile manufacturers with differing 
ideas on how best to achieve activa- 

Thc construction contractors were 
confronted with conditions unfamiliar 
to them with their background in build- 
ing bridges, tunnels, industrial pkmts 
and buildings— mainly in the area of 
close tolerances and equipment clcan- 

Labor added its share to the problem 
by indulging in jurisdictional disputes 


Avro Blue Steel in Production 

One of the first production series of the Avro Blue Steel air-to-surface weapon system is shown on missile carrier in front of an Avro Vul- 
can B, on which the missile will be mounted. Supersonic Blue Steel carries nuclear warhead, is powered by a hvo-chambcred Bristol Sid- 
dclcy Stentor rocket engine (AW Sept. 12, p. 30). 
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between craft and industrial unions and 
with even more highly complex dis- 
agreements between craft unions, due 
mainly to attempts by general con- 
struction contractors to move in on 
technical jobs (AW Oct. 3, p. 29). 
Rote of Progress 
At this point, the construction pro- 
gram is about one tenth complete. 
Prom a current level of S400 million 
a year, the rate of spending will rapidly 
go to about SI billion in Fiscal 1962 
for site construction and activation. 
Completion date is 1965. The Atlas 
program is well under way. Early 
Atlases will lie in semi-hard “coffins” 


before being raised for firing, and later 
bases will have them buried in silos but 
raised to the surface for launching. 
Titan I missiles will liase a similar silo 
arrangement. 

Titan II missiles will be fired directly 
from their silos. 

Atlas operational bases have been 
completed at Vandenberg AFB. Calif., 
and at Warren AFB. Wvo. Like the 
Titan II, the solid-fueled Minuteman 
will be fired from underground silos. 

First move in trying to overcome 
slippage in construction timetables was 
made late last year when the Air Force 
set up the Anderson Board, headed by 
Air Materiel Command Commander 


Gen. S. E. Anderson. Completing its 
work four months later, the board rec- 
ommended several steps to be taken to 
speed the work. 

First concrete result of the survey 
came when the Corps of Engineers 
Ballistic Missile Construction Office was 
created Aug. 2 with headquarters in 
Los Angeles in the same building with 
the Ballistic Missile Center of the Air 
Materiel Command, which took over 
management of ICBM site actuation in 
July. CEBMCO was put under Brig. 
Gen. A. C. Welling, former Engineer 
Commissioner of the District of Colum- 
bia, and made solely responsible for 
construction program contract admin- 
istration. 

Since then, projects have been turned 
over to Wclling's office from Corps of 
Engineers Districts where they formerly 
had been administered. The shift was 
scheduled to be completed in Novem- 
ber, 

At the same time, the Ballistic Mis- 
sile Center, under Gen. Gcrrity, be- 
came the central clearing house for the 
Air Force, integrating the functions of 
the Air Force Civil Engineering Direc- 
torate. missile contractors, equipment 
contractors, and the Ballistic Missile 
Division of the Air Research and De- 
velopment Command. 

ARDC Role 

Prior ts the transfer of central con- 
trol to BMC. the site activation func- 
tion belonged to the Ballistic Missile- 
Division of the Air Research and De- 
velopment Command, which kept it 
until time to turn the bases over to the 
Strategic Air Command. Now ARDC 
chooses the site and BMC supervises 
such site activation factors as construc- 
tion. installation and checkout of the 
system, and adherence to specifications. 
In order to permit ARDC to prove out 
systems and generate changes, the com- 
mand has retained control over the acti- 
vation of the Vandenberg AFB, Calif.. 
base, sites one and two at Warren AFB 
and Offutt AFB. Neb. 

In the July 29 conference with Gates, 
the contractors presented a list of com- 
plaints and suggestions which were stud- 
ied by the Defense Department. Late 
in September, action on these recom- 
mendations was announced. 

Principal complaint of the general 
contractors was too many bosses. They 
suggested that, since their contracts 
were with the Corps of Engineers, the 
Army have sole control of construction. 
Establishment of CEBMCO and its 
contracting officer as the single author- 
ity to deal with a contractor has an- 
swered this complaint to the satisfaction 
of the contractors. 

Another source of irritation was soil, 
water and other conditions of sites se- 
lected. It was claimed that many were 
located in heavy water or rock condi- 



NEW 
PYLE 
STAINLESS STEEL 
MIL-C-26500 
CONNECTORS* 

True Connector Reliability 

Here is a miniature, lightweight connector so 
highly resistant to extremes of temperature, 
vibration and altitude that it provides, at 
last, true connector reliability for air, missile 
and space systems. 

The stainless steel shell, exclusive with the 
Pyle-National connector . . . equals aluminum 
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DESIGN CHARACTERISTICS 

• Crimp type, removable, snap-in contacts to 
MIL-C-26636 securely seated and restrained 
by metal collet. 

• Collets, fully protected against tool and shock 
damage, controlled against deflection. 

positive control of axial location and skew. 

• Inserts factory bonded to shells. Wire sealing 
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F EXPERIENCE IN THE MANUFACTURE OF ENVIRONMENT At RESISTANT CONNECTORS 
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tions, when suitable sites were only a 
short distance away. One example 
given was a complex with launching 
sites in three states, causing the con- 
tractor to deal with three sets of state 

Defense replied that site selection is 
an optimum combination of factors 
such as separation distances, location 
and density of populated areas, accessi- 
bility for continued support, and soil 
composition. In some instances, cri- 
teria have been relaxed, but all are 
under constant review. 

Data Was Available 

It was pointed out that test borings 
and geological and weather condition 
reports were available to contractors 
before bidding and that if conditions 
were different from those submitted, 
contract modification machinery was 
set up to handle such situations. 

With site construction going on at 
the same time as the development pro- 
gram, change orders became a problem. 
ITiese orders were a result of changing 
requirements as the missile systems de- 
veloped. With every firing of an Atlas, 
the construction contractors claimed, 
they received a mass of change orders. 
They asked for a reduction in the num- 
ber of these orders and the authority 
to propose alternate methods of ac- 
complishing their purpose. Centralized 
management of the program was offered 
as a solution to this suggestion. 

Another source of contractor unhap- 
piness was multiple inspections. Not 
only did these inspection teams take 
valuable time, but they produced con- 
tradicting orders. Although there is 
now a antral inspection procedure, 
there still arc separate inspection teams 
representing the principal parties inter- 
ested in site activation. But these sub 
teams do not give orders— they forward 
them to the central authority. 

Closely related to inspection are 
measurement tolerances and purity, or 
cleanliness, criteria. Contractors, except 
for those involved previously in chem- 
ical plant construction, w-crc not 


Small Missile 

Washington— Renewed interest is be- 
ing generated in Air Force and Army 
headquarters for a small, mobile, solid- 
propellant. tactical ballistic missile 
(TBM) with a range up to 1.200 mi. 
Possible use would be in foreign theaters 
of operations, where roads are relatively 
narrow and bridges arc light. The mis- 
sile would have a weight limit of about 
10,000 lb. The project would find some 
precedent in an in-house study made at 
Air Force’s Ballistic Missile Division 
about a year ago, from which no specific 
hardware materialized. 
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Rocket-dyne Tests New Sounding Rocket 

First two test launches of Rockctdvne solid-propellant sounding rocket (AW Sept 12, 
p. 97) have been conducted successfully at Ft. Hood, Tex., in a 16-raph. wind, both 
vehicles climbing to 5.000 ft. and then impacting within 100 ft. of each other. Tests were 
conducted using short-duration propellant grams: with full-duration ammonium nitrate 
propellants, the vehicle is designed to carry a six-pound payload to 230.000 ft. Primary 
purpose of Ft. Hood trials was to check stability' of the rocket as it left the launcher tube-, 
which also serves as a shipping contaiucr. Photo sequence highlights tight seal of rocket in 
tube when fired; motor smoke is absent until the rocket leaves tube (center photo). Initial 
test firings were made using a steel prototype of the reinforced plastic launching tube. 


familiar with the meticulous standards 
required for crvogenic storage and trans- 
mission systems. These standards spe- 
cified that only particles of micron size 
could be tolerated and dial the metal 
parts in the systems must be capable of 
withstanding a substantial range of 

Problems and Solutions 

Other contractor recommendations 
and Pentagon actions included the fol- 
lowing: 

e Stationing of an architect-engineer 
representative at each site to expedite 
approval of shop drawings. This has 
been done. 

• Continue the competitive bid, firm 
price type of contract, awarded to the 
lowest qualified bidder. 'Hie general 
contractors, accustomed to competitive 
bidding, prefer this over the negotiated 
contract with its fixed fee. In the over- 
lap period when a general contractor is 
finishing his job and the missile con- 
tractor comes in to complete the mis- 
sile launching installation, the differ- 
ences in operating procedures became 


y Rocketdyne s Solid Propulsion Operations. 

sile producers operate on fixed fee con- 
tracts. and, according to the general 
contractors, do not practice economy 

• Combine site activation program con- 
struction and mechanical contracts, 
which originally were made separately. 
This has been done. 

• Accelerate payments to be made after 
change orders were made in contracts. 
Contractors complained that the pay- 
ments were slow in coming. A two step 
svstem was installed, providing for a 
minimum payment immediately and 
negotiation for the entire cost in the 
second step. 

• Greater use of contractor equipment. 
Air Force argued that to achieve the 
degree of standardization needed, the 
amount of government-furnished equip- 
ment could not Tic reduced. 

Contractor Competence 

In the rush to complete the bases, it 
was noted that some contractors were 
plunged into situations beyond the 
capabilities of their organizations. Al- 
though there were no completely un- 


qualified bidders, it soon became ap- 
parent that there were many degrees 
of competence among the contractors 

Not only will the prime bidders be 
screened, but subcontractors will also 
come under scrutiny because the fail- 
ure of one could throw off a whole con- 
struction schedule. Capital resources, 
performance record, current workload, 
and managerial and technical qualifica- 
tions will be considered. Joint ven- 
tures will be permitted. 

Program Forecast 

With the establishment of central 
control, many of the contractors’ com- 
plaints have been answered, and the site 
actuation program has been speeded 
to the point that the time formerly lost 
has been made up and the Air Force 
anticipates that the program soon will 
be ahead of schedule. 

With labor leaders having indicated 
that they would keep labors house in 
order and contractors satisfied with the 
adjustments made in contractual rela- 
tionships through having one agency 
responsible for general contracts, the 
Air Force now believes that the "show 
is on the road.” One official stated that 
after the kinks have been ironed out of 
the first few installations, the missile 
program would proceed at a pace which 
would sec the nation’s ballistic missile 
deterrent power at a potent level within 


AF Transfers Missile 
Functions to Norton 

Washington-Air Force is transferring 
some elements of its Ballistic Missile 
Division and Ballistic Missile Center to 
Norton AFB, Calif, to provide more 
room for space activities at the BMD- 
BMC facilities in Inglewood, Calif. 

USAF is transferring ICBM site 
activation functions and certain other 
ballistic missile functions to Norton, 
but missile and space system research 
and development functions will remain 
at BMD in Inglewood. About 100 
BMC and .BMD personnel will be 
moved to Norton initially, with more 
to follow next year. 

Under the BMC transfer schedule, 
the advance party and site activation 
gcoup will move between Nov. 1 and 
Dec, 1 5: Atlas weapon system functions, 
plus other functions and personnel will 
move between Dec. 15 and Feb. 1: 
Titan I functions, plus other functional 
and staff personnel will be shifted Apr. 
1-Mav 15; personnel in the office of 
the commander and other staff officers 
to be transferred arc to complete their 
mor e by June 30. and all Titan II and 
Minuteman functions are to be moved 
in 1962. 


AVIATION WEEK, Octc 


31, 1960 




HU2K Flap Linkage 
Cuts Blade Loads 

Aerodynamically actuated pitch feed- 
back control in the servo flap linkage 
of theKaman HU2K-1 Navy utility heli- 
copter reduces flap loads and profile 
power requirements for increased speed 
and range. 

The pitch control system on the 
HU2K Seasprite is made necessary by 
increased cyclic and collective pitch 
range on the high-speed vehicle. The 
control linkage resists sudden gust loads 


setting. Mechanical spring forces are 
not employed to stabilize the blade. 

The pitch feedback control incorpo- 
rates a walking beam attached to, and 
pivoting on, the rotor hub which rotates 
but does not pitch with the servo flap 
controlled blade. Mechanical linkage 
to the flight controls permits the pilot 
to set the walking beam for the re- 
quired pitch setting. A bell crank linked 
to the walking beam pivots on the rotor 
blade and continues the pilot’s control 
command to the servo flap. 

This control linkage forces the bell 
crank to rotate with respect to the 
walking beam in the event an air gust 
or other disturbance causes the rotor 
blade to twist. In doing this, the bell 
crank causes the remaining control link- 
ages to move the servo flap in the cor- 
recting direction. The pilot controls 
the centering point of blade pitch and 
the aerodynamic spring restores the dis- 
turbed blade to its center position. 

The aerodynamic spring permits the 
servo-flap to operate at lower total lift 
levels, reducing stresses in the flap and 
supporting structure and in the portions 
of the blade influenced by the flap 


ts blade gust load forces on Kaman HU2K-1. 

structural attachment. Kaman says that 
the pitch feedback rotor control system 
saves power, reduces vibration levels and 


is that flap loads remain proportional 
to blade loads as altitude is increased, 
making the feedback control effective 
throughout the HU2K’s altitude range. 
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Combination mounting and 
handling fixture with each 
Strainistor. 


serviced, by System. Engineering oitices ot Airsupply-dero Engineering Division 


PROBLEMATICAL RECREATIONS 38 



Seven singular scientists shared a grindstone the diameter of which 
was sixty inches. What part of the diameter was the rightful share of 
each singular scientist? Assume that each grinds his share sequcn- 

The Signal Corps Reduced Inspection Quality Assurance Plan 
(RIQAP) is the standard used in manufacturing transformers in 
our Triad Transformer Corporation Division. What are your needs? 
answer to last week's problem : The law of cosines helps on this 
one. D carries water 5.657 rods. 


ffl 


LITTON INDUSTRIES 

Beverly Hills, California 


New Length Standard 
Has Space Application 

Adoption of a new international 
standard of length (AW Oct. 24, p. 34) 
will make it possible to check measure- 
ments to an accuracy of one 10-mil- 
lionth of an inch, compared with the 
previous millionth standard— platinum- 
iridium bar-used since 1889. 

Eleventh General Conference of 
Weights and Measures has agreed to re- 
define the meter as 1,650,763.73 wave- 
lengths of orange-red light emitted by 
the isotope krypton 86, making the 
more precise measurement possible. 

The conference also adopted an in- 
terim standard for the second, estab- 
lishing the basic unit as the length of 
a second on Jan. 1, 1900, at zero hours. 
This eventually will be replaced by a 
time unit based on oscillation of a 

earth’s revolution, which varies, no 
longer is adequate for the space age, 
scientists at the conference agreed. 

Long-range implications or the new 
standard of length are tremendous, ac- 
cording to Louis Polk, president of Shef- 
field Corp., a subsidiary of Bcndix 
Corp., and one of the U. S. delegates. 
In a moon shot, for example. Polk 
pointed out. misalignment of a mil- 
lionth of an inch would cause a miss. 

Polk added that the krypton 86 
standard makes it possible for anyone 
who needs to split millionths to have 
a standard in his own laboratory, take 
close-tolerance measurements that can 
be repeated anywhere in the world. 
Measurements on a 4-in. block recently 
circulated among Great Britain, Ger- 
many and the U.S. were identical to a 
10-millionth, using a krypton source. 

Riddle Buys 7 DC-7s 
To Improve Service 

Miami, Fla.— Seven Douglas DC-7Cs 
which Riddle Airlines is acquiring from 
General Aircraft Leasing Division of 
General Dynamics Corp. will be used 
to upgrade Riddle’s DC-4 and C-46 
service between Miami, New York and 
San Juan, Puerto Rico. 

Riddle acquired the DC-7Cs for 
5750,000 each in a S9 million package 
purchase (AW Oct. 10. p. 34). Spare 
|>arts ordered with each aircraft cost an 
additional SI. 4 million. 

Riddle's contract with Douglas Air- 
craft, which won a 52.1 million contract 
to convert the DC-7s to freighter con- 
figuration in competition with Lock- 
heed Aircraft Service (AW Oct. 3, 
p. 52), calls for delivery of two aircraft 
in November and two in December; 
two already have been delivered. 

Formerly owned by Scandinavian Air- 
lines System and Swissair, the DC-7s. 
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with interiors rapidly convertible for 
freight or charter passenger operation, 
initially will be used to upgrade Riddle's 
DC-4 and C-46 service between Miami, 
New York and San Juan, Puerto Rico. 

The all-cargo line, which now is seek- 
ing a Civil Reserve Air Fleet contract, 
will bid the DC-7s in an effort to cap- 
ture sizable Military Air Transport 
Service contracts effective through next 
year. For MATS and transatlantic char- 
ter operations. Riddle has specified 99- 
seat interiors for the new aircraft. 

Although failure rate for Wright 
R3350 Turbo Compound engines used 
on the DC-7C generally has exceeded 
that of comparable size powcrplants. 
Riddle feels that it can operate the en- 
gine-airframe combination profitably 
and reliably by stressing economical 
cruise power settings. Engineering 
teams from Curtiss- Wright have aided 
Riddle in this project. 

Riddle also holds that one big factor 
behind the engine's shortcomings has 
been trunkline speed racing of DC-7s 
over highly competitive route segments. 

Dassault Mirage III 
Crashes at Low Altitude 

Dassault Mirage III crashed near 
Paris during a high-speed low-altitude 
training flight, killing the French air 
force test pilot. Accident happened 
while the pilot was executing a series of 
rolls at 400 kt. at an altitude of less than 
300 ft. Accident marks the first Mirage 
III crash after more than 1,000 hr. of 
flight. Aircraft involved was preproduc- 
tion Model 05. 

PRODUCTION BRIEFING 

General Electric Ordnance Depart- 
ment has received Navy contracts of 
more than 54.4 million for production 
of Tartar fire control directors, manu- 
facture of Mark 44 toipcdo sea water 
batteries, and development and proto- 
type fabrication of Mk. 44 Mod. I tor- 
pedoes for Asroc anti-submarine missile 


North American Aviation's Columbus 
Division is testing a rocket-powered 
ejection seat for VTOL aircraft that is 
expected to permit safe ejection at no 
forward speed from ground level to 
10,000 ft. 

Astro-Space Laboratories, Inc., a sub- 
sidiary of Bclock Instrument Corp., 
X'crv York, has opened a SI million re- 
search and development facility at 
Huntsville, Ala. Astro-Space will spe- 
cialize in guidance and control systems 
for missile and space vehicles, stabili- 
zation systems, navigational equipment, 
ground support equipment and medical 
electronic instrumentation. 
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NEW AVIATION PRODUCTS 





Ground System Air-Conditions Parked Aircraft 


mandcr 560F and 680F aircraft and will 
be available for retrofit. 

The Model 80059 generator, rated 
at 100 amp., 50 v.. is intended to han- 
dle increased electrical loads and to 
eliminate the necessity of carrying high 
engine rpm. for radio communication 
while taxiing. The weight of the gen- 
erator is 50 lb. 

Jack & Hcintz, Inc., Box 6917, Cleve- 
land 1, Ohio. 

Ground Power Truck 

Self-propelled ground power unit is 
designed to supply electrical power to 
transport aircraft. The power unit is 
under evaluation at Idlcwild Airport. 

The Hobart Model 5165, powered 


by a GMC Diesel engine, is rated at 
125 kva, 0.S psf. three phase, four 
wire, -100 cps. The enclosed control 
cab is 71 in. high. Noise levels arc 
reduced bv the use of a centrifugal 
blower and two mufflers. 

Motor Generator Corp., Troy, N. Y. 


Vibration Mount 

Vibration isolation mount is intended 
for small equipment and instruments 
on jet aircraft. 

The elastomeric mount is said to 
provide all-attitude protection against 
high-frequenev excitation. A tvpical 
mount, the BL-1705. weighs 0.5'S lb., 
supports a pressure transducer weigh- 
ing 1.2 lb. The system incorporates 


Metal seal is intended for sealing 
applications which experience wide tem- 
perature variations. 

The seal, called Bar-X. is said to 
withstand temperatures from —450 to 
1,200F and peak pressures of 40,000 


psi. The “X” configuration seal, re- 
ported to provide elastic deflections and 
high scaling forces, has provided zero 
leakage from room temperature to 
1.000F with dry nitrogen at 1,000 psi. 
in a static seal application. 

Wiggins Connectors, 5424 E. Olym- 
pic Blvd., Los Angeles 25, Calif. 


Flight Test Camera 

Structural stress and wing movements 
during flight of the North American 
X-15 are filmed with two 16mm. cam- 
eras. Other applications include missile 
and satellite testing. 

in. wide and weighs S lb. Equipped 
with a pulse-cinc mechanism, the 
camera records the stress changes on 
film at a predetermined number of 
frames per second to record the mi- 
nutest changes in wing surface stress. 

Vought Camera Co., Beverly Hills, 
Calif. 

Executive Aircraft Generator 

Generator for business aircraft pro- 
vides 100 amp. of direct current at en- 
gine speeds from 5.000 to 8.500 rpm. 
The unit will be on all new Aero Com- 
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one of the largest 
privately owned facilities 
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research and development 


phone... 


Mr. E. D. Eaton, 

Manager, Ground Support 
Equipment Department, 
NA 3-1621. 

Or write for Brochure. 


HAMILTON STANDARD 

DIVISION OF 

UNITED AIRCRAFT 
CORPORATION 

WINDSOR LOCKS, CONNECTICUT 


four Multiplane mountings in a centcr- 
of-gravity suspension which protects 
from vibration from —65 to 4-5001' 
Natural frequency is 45 cps. 

Lord Manufacturing Co., Eric, Pa. 

High Pressure Bleed Valve 

Valve to blowdown high pressure ga 
or hydraulic systems is intended for 
bleeding high pressure reservoirs in mis- 


sile control systems and bleed or shutoff 

The P-416 valve has an operating 
pressure range of 0 to 5,000 psi.. tem- 
perature range is —65 to 4-500F. 
weight is 0.06 lb. Flow rate of the 
valve is from 40 to 60 cfm. at 5.000 psi. 
pressure. Valve is of chromic anodized 
ilummum construction. 

James, Pond & Clark, Inc.. Pasadena. 


Phillips Designs Underwing Fuel Trucks 

let fuel tracks at Stapleton Field, Denver. Colo., are modified to fuel cither Boeing 707 or 
Douglas DC-8 jet transports. Continental Airlines Boeing 707 (above) is fueled bv two 
trucks spotted at the aircraft's wingtips. United Air Lines Douglas DC-Ss (below) receive 
underwing fueling from trucks spotted between engine pods on both wings. Tracks were 
designed by Phillips Petroleum, the fuel Supplier. Capacity is 17,600 gal., which can be 
pumped at a 600 gpm. rate. 
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TAPCO OFFERS 


of the TAPCO GROUP of Thompson 








Mr. R. J. Theibert, 


^23250 

THE TAPCO GROUP OF 

Thompson Ramo Wooldridge Inc. 

23555 Euclid Avenue 


Financial Briefs 

Control Data Corp. earnings for Fis- 
cal 1960 were 5551,686 on sales of 59,- 
665.290. compared with earnings of 
5283,214 on sales of S4.5SS.174 for the 
previous year. 

Atlantic Research Corp. earnings for 
the six months ended June 30 were 
S329.482 on sales of 55.985.215. This 
compares with the previous year’s first- 
half earnings of S196.S95 on sales of 
53,429.010. 

Siegler Corp. earnings for the year 
ended June 30 were S3.201.023 on con- 
solidated sales of SS4.095.002. com- 
pared with earnings of S2.203.022 on 
sales of 577.074,442. 

Aerojet-General Corp. reported earn- 
ings of S6.757.S03 for the nine month 
period ending Aug. 31. an increase of 
12% over the comparable period of 
1959. Sales increased 20*7? to S30S,- 
375.504. Earnings per share of com- 
mon stock increased 1 3 cents to SI .47. 

Ethiopian Air Lines reported net 
profit for 1959 of S296.788 compared 
with last year's net of S54.197. Oper- 
ating revenues for 1959 totaled S8.1 
million and operating expenses S7.5 mil- 
lion compared with last year's figures 
of 56,1 million and S5.9 million respec- 
tively. 

Dividend increase of 2574 by Cessna 
Aircraft Co. increases annual payment 
to stockholders from SO cents to SI, 00 
per share, with the first dividend at the 
higher rate of 25 cents being payable 
Nov. 17 to shareholders of record Nov. 
1. I bis is the fourth dividend increase 
by Cessna in the past two years. Presi- 
dent Dwanc Wallace says that unau- 
dited figures indicate total sales of more 
than S103 million for the fiscal year 
ended Sept. 30. down from last year's 
SI 05.786.000. with the drop attributed 
to lower military, agricultural and in- 
dustrial hydraulics business. Commer- 
cial plane sales reached about S56 
million, a 20% increase. Wallace says 
that the outlook for 1961 looks better 
than 1960 in volume and profits. 

Venture capital investing can show 
some spectacular piper profits in indi- 
vidual cases, although these might be 
offset bv losses on others. American 
Research and Development, a Boston- 
based investment group, saw its 33.637 
shares of High Voltage Engineering 
Co. rise in value from S65.271 when 
purchased to S4.654.51 9 at the end of 
the first half of 1960. High Voltage 
builds particle accelerators and is active 
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Join one of industry’s most pro- 
gressive teams in exploring the 
metallurgical frontiers of super- 
sonic flight. 

Here are unusual opportuni- 
ties in applied research for 
experienced metallurgists who 
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m the electrostatic propulsion research 
field. 

Problem with such profits, based on 
the over-the-counter stock market bid 
quotation for the shares, is that sale of 
such a large bloc of the stock might 
bring a price under this figure. Such 
stocks can be volatile as well. American 
Research bought 10,000 shares of Itek 
Corp., also a Boston company in the 
information retrieval field (AW Dec. 7, 
p. 109), for S440.000 during the first 
half, saw the value rise to S775.000 at 
mid-year, then drop back to S 500.000 
during the pre-election market decline. 

United Air Lines has declared a 
quarterly dividend of 124 cents per 
common share, as well as a 3% stock 
dividend, payable Dee. 1 5 to stockhold- 
ers of record Nov. 15. 

Wcstinghousc earnings for the nine 
months ended Sept. 30 were 560,680,- 
000 on sales of 51,457,233.000 com- 
pared with earnings of 556,225,000 on 
sales of S1.408, 393,000 for the first 
nine months of 1959. 

New Offerings 

Technical Measurement Corp., North 
Haven. Conn., which was organized 
pursuant to Delaware law on June 28, 
1960. and on June 30 acquired all the 
outstanding stock of a Connecticut cor- 
poration or the same name from R. M. 
Ghen, president, and D. S. Davidson, 
L. Henthorn. and C. F. Hewitt, officers, 
who received all the outstanding 4S0,- 
000 common and 1 ,876 preferred shares 
of the new company in exchange for 
their holdings of the predecessor's com- 
mon preferred shares; business involves 
the manufacture and sale of electronic 
equipment principally multi-channel, 
digital computers. Offering is 120,000 
shares of common stock for public sale 
at S5 per share. Proceeds will be used 
to repay outstanding bank loans, to 
purchase about 575,000 of equipment 
and fixtures for its engineering labora- 
tory, its printed circuit department and 
machine shop to expand the company’s 
research and development program at 
an estimated cost of S80.000, and to 
supplement working capital. 

Federal Pacific Electric Co., Newark, 
N. J„ engaged primarily in the business 
of manufacturing and selling devices for 
the distribution and control of electric 
energy, including standard low tension 
equipment such as circuit breakers, 
safety switches, panel boards, fuses and 
fuse boxes. Offering is 377,000 shares 
of common stock and 45,000 outstand- 
ing shares of 54% convertible second 
preferred scries A stock. Of the com- 
mon stock, 250,000 shares are to be 
offered for public sale by the company; 
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offering price and underwriting terms 
to be supplied by amendment. The ad- 
ditional 127,000 common shares repre- 
sent part of the consideration being paid 
by the company for all the outstanding 
common stock of Pioneer Electric, Ltd., 
(a Canadian company) from its sole 
common stockholders. Proceeds of the 
sale of the 250,000 common shares will 
be applied toward supplying the cash 
consideration for the purchase of the 
Pioneer stock; the balance to retire 
short term bank lonns and for working 

Gulton Industries, Inc., Mctuchcn, 
N. J., engaged in the research, develop- 
ment and manufacture of electronic, 
electro-mechanical and electro-acoustic 
components, instruments and equip- 
ment which are sold to the military 
and to commercial manufacturers. 
Offering is 100,000 shares of common 
stock for public sale; offering price and 
underwriting terms to be supplied by 
amendment. Proceeds will be added 
to the company's general funds and in 
large part initially will be invested in 
short term government securities; there- 
after, funds will be available as addi- 
tional working capital for the carrying 
of inventories and accounts receivable. 
In addition, the company intends to 
apply a substantial portion of such 
proceeds to the acquisition of related 
and complementary businesses. The 
company recently acquired a 67% in- 
terest in Systems Research Group, Inc., 
Mincola, N. Y., and has contracted to 
purchase the remaining 55% interest, 
the total purchase price being 5150,000 
plus payments over the next three years 
in company stock. 

Lithium Corporation of America, 
Inc., New York, N. Y.; principal busi- 
ness, the production and sale of lithium 
metal and lithium compounds; principal 
sales and research efforts, the develop- 
ment of new markets and new uses for 
such products. Recently the company 
has extended its business into various 
phases of rockctrv and aviation. Offer- 
ing is $2,500,000 of convertible sub- 
ordinated debentures, due 1970, for 
public sale; interest rate, offering price 
and underwriting terms to be supplied 
by amendment. First, however, the new 
debentures will be offered in exchange 
for S92 5,000 of outstanding 5% con- 
vertible debentures maturing in 1964. 
Proceeds remaining after disposition of 
the debentures due 1964 will be used 
as follows; $75,000 for construction of 
facilities to be used in production of 
butyllithium and other organolithium 
compounds; $125,000 for purchase of 
mining equipment to reactivate the 
company’s North Carolina mining oper- 
ations; the balance for liquidation of 
bank debt and replacement of working 
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CAB Accident Investigation Report: 


Fuel Starvation Causes C-54 to Crash 


At approximately 2105 EDT„ Oct. 15, 
1050. a U. S. Oversea* Airlines C-5-iG, N 
4000A. a cargo flight, was ditched in a 
small lake, caught fire. and sank in 10 ft. 
of water approximately eight minutes after 
takeoff from the U. S. Naval Air Station. 
Jacksonville. Florida, The two pilots, the 
only occupants, were seriously in|iired, 

U. S. Oversea* Airlines. Inc., operates 
both 6- and S-fucl-tank C-54s. which have 
different fuel selector positions. The 6- 
tank system has a 2-position wing tank 
selector; the main tank positions arc for- 
ward and the off positions arc rearward. 
The S-tank fuel system, which N 4000A 
had. has three tank selector positions: the 
auxiliary tank positions are forward, the 
main tank positions arc center, and the 
off positions are rearward. 

Tire accident was caused by fuel exhaus- 
tion due to the inadvertent positioning, 
prior to takeoff, of the four fuel selectors 
to the nearly empty auxiliary tanks. Dur- 
ing the four or more minutes that power 
was being lost, first on the No. 4 engine, 
then No. 5. then No. 2, the crew made 
no effort to reposition the fuel selectors 
to the full main tanks. 

As a result of this accident the company 
has blocked off the No. 2 and No. 5 
tank selectors from the auxiliary positions 
on all 8-tank aircraft. Also, a large placard 
has been placed directly in front of the 
fuel tank selectors in all C-54 aircraft, 
stating whether the aircraft has a 6- or 
S-tank fuel system. The C-54 checklist 
has also been revised to require a response 
after MAIN TANKS of "Full Forward;' 
on the 6-tank system, and "Center Posi- 
tion" on the 8-tank system. 
Investigation 

N 4000A was engaged in a "Quicktrans" 
scheduled U. S. Navy contract cargo 
flight which originated in Oakland, Calif.. 
the previous day. Captain Jewell Reid 
and Copilot Gordon Cole verc scheduled 
to make the flight from Jacksonville to 
MCAS Cherry Point. N. C.. with a stop 
at Charleston, S. C. 

N 4000A, flown by a different crew, 
arrived at Jacksonville NAS from Dallas 
at 1750.' The two new crew members 
arrived for duty at 1800. The copilot 
completed the military form 175 flight 
plan and the weight and balance record. 
The captain was briefed on the weather 
and conducted the aircraft preflight check. 
The aircraft was being refueled at the time 
of the preflight check. Approximately 10 
min. later the captain drained the fuel 
tank sumps onto the ramp and observed 
no evidence of fuel contamination. The 
captain then required that some of the 



cargo tiedowns be retied. The gross 
weight at takeoff was 66.501 lb.. 7.299 lb. 
under the allowable maximum gross 

The IFR flight plan was direct to 
Jacksonville via Victor Airway 5 to Ritter 
intersection and Victor Airway 1S5 to 
Charleston with Norfolk. Va., as the 
alternate airport. Jacksonville weather at 
departure was broken clouds at 2.500 ft.. 
10.000 ft. overcast: visibility three mi. 
in fog and smoke. 

Tire preflight engine start, engine runup, 
and the takeoff at 205" on runway 090 
were normal. The Jacksonvillc-Imeson 
Airport departure control cleared the 
flight direct Jacksonville. Victor 5 to Bruns- 
wick. Ca.. maintain 5.000 ft., climb on 
runway heading to 1.500 ft. until further 
advised. 

The crew stated that following takeoff 
the gear retraction, power reduction, flap 
retraction, and radio communications were 
routine. Upon reaching approximately 
1.400 ft. altitude the No. 4 engine surged. 
No. 4 throttle was retarded and again ad- 
vanced but surging continued and the 
manifold pressure fell off. A check of the 
instrument panel revealed that all instru- 
ments were normal except the No. 4 
fuel pressure and fuel flow which fluctuated. 
No fuel warning light was observed. The 
use of carburetor heat and selection of the 
low and high fuel booster pumps did not 
improve the conditions. 

At 2101. N 4000A advised the FA A 
Imesou Airport departure control at Jack- 
sonville it was having trouble with No. 4 
engine and requested permission to circle 
cast of Jacksonville Naval Air Station at 
1.500 ft. This was approved. At 210*. 
N 4000A requested a radar vector back 
to Jacksonville Naval Air Station. The 
pilot wa* instructed to turn to a heading 
of 2"5 deg. Subsequently, the following 
clearance was given to N 4000A: Cleared 
to Navy Jacksonville low frequency range, 
maintain 1.500 ft., stand by this frequency . 
Neither the clearance nor the radar head- 
ing was acknowledged by the pilot. At 
2105 the radar blip of N 4000A disappeared 
below the horizontal capabilities of the 
Imeson Airport departure control radar- 

Following loss of No. 4 engine, the 
pilot initiated a left turn towards the 
2 ”5 -deg. heading suggested by departure 
control. During the turn the No. 4 cylinder 
head temperature decreased: the cowl flaps 
were then dosed, and the captain had just 
decided to feather the propeller when the 
No. ? engine began to surge. Feathering 
of No. 4 propeller was deferred and the 
captain called for MFTO power instead. 
This power could not be obtained as 
No. 5 engine continued to surge. Ap 
proximately five seconds later No. 2 engine 
began surging. During the emergency the 


copilot stated. "I think we must have 
taken on jet fuel. It acts like a C-46 did 
when they were given jet fuel." During 
this time the copilot reached over and 
checked the position of the fuel selectors 
but the captain does not remember 
whether they* were moved from their posi- 

Thc flight crew did not notice the en- 
gine instrument readings after the No. 4 
engine difficulty nor did they notice 
whether there was a loss of power from 
No. 1 engine. 

The aircraft was descending rapidly and 
an attempt was made to ditch on a 
small lake directly ahead. Several trees 
were struck in the attempt and the air- 
craft hit the water, wings level and in a 
tail-low attitude, on a heading of 25 deg, 

The aircraft came to rest on a 290-dcg. 
magnetic heading in 10 ft. of water ap- 
proximately 300 ft. from the lake's western 
shore and 2S0 ft. from its southern shore, 
with approximately SO'',' of the fuselage 
submerged. Fire consumed the upper 
fuselage down- to the top window line be- 
tween fuselage stations 129 to 621. 

Wreckage Examined 

Sections and small pieces of the left 
and right wings. including the ailerons, 
and pieces of the left and right stabilizers 
were found strewn along the approach 
path. All four separated propellers were in 
the shallow water near the lake’s southern 
shore on and to the right of the approach 
path centerline. 

Investigation of the aircraft, prior to 
moving the wreckage, revealed that the 
fuel tank selector valves were in the 
nuxihnrv tank positions. F.xarmuation of 
the fuel lines, fuel screens, fuel filters, and 
available fuel pumps revealed no restric- 
tions in the fuel flow to the four engines 
or evidence of failure prior to impact. 
There was no evidence of mechanical 
malfunction, failure, or fire involving any 
part of the aircraft prior to impact and 
no evidence of crew incapacitation prior 
to impact. A check of the aircraft records 
revealed that there were between 25-50 
gal. of fuel in each of the four auxiliary 
fuel tanks when the crew accepted the 
aircraft. Only the main fuel tanks were 
filled during the refueling operation at the 
Jacksonville Naval Air Station and no addi- 
tional fuel was added to the auxiliary 
fuel tanks. Investigation and analvsis of 
fuel samples from the servicing units and 
storage tanks disclosed no contamination 
by foreign materials at the time of serv- 
icing the aircraft. 

U. S. Overseas Airlines. Inc., had the 
following fleet: 

■ C-54 B DC aircraft (fi-Fnel Tank 
System) 

5 C-54-F.-DC aircraft (8-Fucl Tank 
System) 
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1 C-54-C aircraft (N 4000A) (8- 
Fuel Tank System) 

2 DC-6A aircraft 
2 DC-6B aircraft 

All of these Douglas aircraft base some- 
what similar fuel systems. Among the 
differences betw-cen the C-54-B and the 
E and G are the number of fuel tanks 
installed and the tank selector handle 
positions. The fuel selector positions for 
the 6-tank C-54s arc: REAR— OFF: 

FORWARD— MAIN TANKS. The fuel 
selector valve positions for the C-54 S- 
tank system are: REAR— OFF; CEN- 

TER-MAIN TANKS; FORWARD- 
AUXILIARY TANKS. 

The checklist in the aircraft was of the 
rotative type and was found set at a point 
indicating that it had been rolled past the 
following items: PREPLICHT; ENTER- 
ING AIRCRAFT: PRESTARTING: 

START ENGINES; and PRETAXI. 
The prestarting and pretakeotf checklist 
section relating to fuel tank selector set- 
tings arc as follows: 

PRESTART— MAIN TANKS (Type 
System) — ON 

' PRETAKEOFF— MAIN TANKS (Note 
Type System)— ON 

In addition, the following placards were 
found on the instrument panel above the 
fuel selectors: 

“CAUTION — Before takeoff, check 
operation of each engine on all eight main 
and auxiliary tanks. 

“Takeoff on main tanks, cruise on 
auxiliary tanks, then back to main tanks 
for landing." 

The company operations manual spec- 
ifies that fuel will be used out of auxiliary 
tanks to an indicated minimum of 50 
gal. and that remaining fuel may be used 

No reference was found in the operations 
or flight manuals regarding the different 
configurations of C-54 fuel systems and 
fuel selector positions. 

Capt. Reid had flown C-54 aircraft 
7.303 hr.. 6,500 of which were as captain. 
The flight records of Capt. Reid indicated 
that since his employment with U. S. 
Overseas Airlines July 21. 1958, he had 
completed 240 flying hours in C-54-B 
series aircraft and 233 Using hours in 
C-54-E and G aircraft. His last previous 
flight was in a C-54-E scries aircraft. 

Copilot Cole had a total Using time of 
9.024 hr., of which 255 hr. were in C-54 
aircraft. He had flown 69:45 hr. hr C-54 
aircraft during the previous 30 days. He 
had flown a total of 209 hr. in C-54-B 
scries aircraft and 46:55 hr. in C-54-E 
and G series aircraft. 

The recorded weather at the time of 
the accident svas: broken clouds at 2,500 
ft., 10,000 ft. overcast; visibility three mi. 
in fog and smoke. However, according to 
verbal statements of the captain, the actual 
weather was scattered clouds with visibility 
unlimited and the moon fully visible. A 
U. S. Navy aircraft circling the wreckage 
shortlv after the accident reported sveather 
conditions as broken clouds at an esti- 
mated 3,000 ft. and visibility 10 mi. 

An analysis of all evidence indicates 
that the accident resulted from fuel ex- 
haustion due to positioning the fuel tank 
selectors to virtually empty tanks prior to 
takeoff. The 25-50 gal. of fuel in each 
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EMPLOYMENT OPPORTUNITIES 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


Bausch&Lomb 


► ELECTRICAL ENGINEERS 


• MECHANICAL ENGINEERS 


> INSTRUMENT ENGINEERS 


I OPTICAL ENGINEERS 


• LIVE IN ROCHESTER 


» YOU ARE INVITED 


Bausch&Lomb 


Engineers 

Mathematicians 

Physicists 


Imaginative, technically creative engineers 
and scientists interested in participating 
in the advancement of space-age technologies 
will find unique opportunities at Boeing. 
Such advanced weapon systems at 
Boeing as Minuteman, and the Dyna Soar 
boost-glide vehicle, offer challenging — 
and deeply rewarding — assignments in a 
broad spectrum of professional disciplines. 


Immediate 
Dyna Soar and 
Minuteman 
openings 


There are openings at Boeing, now, in your 
area of interest, and at the level you 
require for satisfaction and advancement. 
We’d like to discuss these assignments 
in the light of your career plans. To 
expedite this discussion, we invite you to 
fill in and mail the professional 
application form at the right. 
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BOEING AIRPLANE COMPANY 
P. O. BOX 3707 
SEATTLE 24, WASHINGTON 
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An important new wave of activity based on exciting new projects is creating 

Unusual Openings for 
Electronic Engineers 
at HAMILTON STANDARD 


Missiles & Space Systems Department 

This is a dynamic new force in space technology! 










Electronics Departm 





Electron Beam Machine Technology 

is developing an entirely new capability at Hamilton 



• TEST ENGINEERS . . . electronic, electrical and mechanical. 


Enjoy life in the beautiful Connecticut countryside with its good schools, 
short commuting and easy access to New York and Boston. Company-paid 
graduate study program . . . generous relocation allowance. Write in con- 
fidence to Mr. Richard A. Fuller, Dept. 3. 


HAMILTON STANDARD 

DIVISION OF UNITED AIRCRAFT CORPORATION 

3 BRADLEY FIELD ROAD, WINDSOR LOCKS, CONNECTICUT 
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* Simulation and operational gaming 

* Stochastic modeling of systems 

* Weapons systems analysis 

* Information theory 

* Optimization methods 

* Servo analysis 

* Logical design 


* Countermeasures systems 

* Transportation systems 

* Missile defense systems 

* Information storage and retrieval 

* Radio telescope systems 

* Digital computer systems 



Satisfactions unlimited ... to grow with 










LAST CALL TO 

BUYERS GUIDE ADVERTISERS . . . 

M|pifpp 

The 1961 AVIATION WEEK BUYERS' GUIDE 
is almost ready for press. 
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You can't afford NOT to be in the 
AVIATION WEEK 1961 BUYERS' GUIDE 
CLOSING DATE . . . NOVEMBER 15th. 
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AT VERTOL 

CREATIVITY 

FLOURISHES 




INSTRUMENTATION 


STRUCTURAL Tl 


AERODYNAMICS 




VERTOL „„„„ 


LIVE in Southern California ! 

GAS TURBINE 
ENGINEERS 

Outstanding openings now 
for qualified 

DESIGN ENGINEERS 
CONTROLS ENGINEERS 
COMBUSTION ENGINEERS 
AEROTHERMO ENGINEERS 

for development projects 
for production projects 
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—the flight vehicle which can live in the air 

as easily and confidently as a ship lives in the sea- 
will be powered by a nuclear reactor , the only source 

of energy which can provide virtually unlimited range 
and endurance for aircraft , for high altitude or on 
the deck long range military air missions. 


When the program to produce such a 
nuclear propulsion system was started 
at General Electric in May, 1951, ex- 
perts then felt that the project might 
take twenty years. 

But today, little more than nine years 
later, the Aircraft Nuclear Propulsion 
Department of General Electric has 
developed and demonstrated the basic 
technology required to build and fly a 
high performance aircraft nuclear pro- 
pulsion system. 

During the 9-year span of effort. 
General Electric engineers and 
scientists have achieved major break- 
throughs in reactor technology, 
shielding techniques, high temperature 
resistant materials, specialized controls 
capable of functioning reliably in a 
high density radiation environment, 
and in other areas. 

One of these technical achievements 
is discussed to the right in capsule arti- 
cle form. In succeeding announcements 
other interesting technical advances at 
the Aircraft Nuclear Propulsion Dept, 
of General Electric will be discussed. 




O p portunities exist today for Engineers 
and Scientists from many disciplines to 
contribute to precise solutions of a va- 
riety of sophisticated problems pertain- 
ing to the final development stage of 
General Electric*s nuclear propulsion 
system for high performance aircraft. 

Openings available in both Cincinnati, 
Ohio and Idaho Falls, Idaho for: 
Metallurgists; Ceramists; Mathematicians; 
Technical Editors; Mechanical, Electrical, 
and Chemical Engineers; Nuclear and 
Solid State Physicists; Physical Chemists. 

If you have an interest, ana aualifica- 
tions, in any of these areas, please 
write in confidence to: Mr, George 
Hunsinger, Manager, Professional 
Personnel. Room 04WR. 
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STRUCTURAL 

DESIGN 

ENGINEERS 

Two years engineering college 
plus experience desired. Will 
be engaged on wing and fuse- 
lage design. 

STRESS 

ENGINEERS 

Rigorous design requirements 
necessitate extensive struc- 
tural investigation of the in- 
fluence of high temperatures 
and unconventional external 
loadings. Stress engineers 
concerned with such struc- 
tures will have the opportu- 
nity to utilize their technical 
knowledge to the fullest extent 
in the development of new 
analysis methods. Experience 
plus degree preferred. 

For more information 
please write to: Mr. A. K. 
Bowman, Engineering Per- 
sonnel, North American 
Aviation, Inc., Los Angeles 
43, California. 

IE LOS ANGELES DIVISION Ol 

NORTH 
AMERICAN 
AVIATION, INC. ^ 
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LETTERS 


The Poor Passenger 

Jmt lead your editorial "Pity the Poo. 
Passenger’’ (AW Oet. 3) after returning 
from a West Coast trip via jet, as my air- 
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Pulse Radiation 
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C L, I F T O UST PRECISION 






Blasting new materials to make missile nose cones. The first ICBM 
nose cone ever to be recovered after flight was protected by a new, high-temperature 
material. Its name: Avcoite. Its construction: specially reinforced ceramic. Avcoite was 
the first of a family of new heat-shielding materials. They were developed for re- 
entering nose cones and satellites by Avco's Research and Advanced Development 
Division. Newest addition to this materials family is Avcoat, a plastic heat-shield here 
ablating smoothly in a hydrogen-oxygen jet simulating satellite re-entry temperatures. 

Avco 

A V C O CORPORATION, 750 THIRD AVENUE, NEW YORK 17, NEW 


YORK 


UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS . . . WRITE AVCO TODAY. 



